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Chapter 1
Introdution
1.1 Overview
Over the last 50 years uoresene detetion has beome an important and pow-
erful analytial tool whih is rmly established in many areas of the sienti
world, espeially in biology and mediine. It is widely used in immunoassays, la-
beling of biomoleules with probes, uoresent sensors for pH and ions, and other
analytial proedures [13℄. The suess of this method asided versatility and sim-
pliity, is based on the extremely low limit of detetion (LOD) whih typially
ranges from µM to aM [4℄. This is essential for the detetion of low analyte on-
entrations whih espeially appear in biohemistry and ell analysis. In this ase,
onventional analytial tehniques e.g. absorption spetrosopy has limited feasi-
bility. Hene, uoresent labels and probes have replaed many lassial methods
like staining reagents for proteins [5℄. The developement started with ompounds
absorbing from the near-UV to the blue range and emitting between the violet and
the green range of the eletromagneti spetrum. Dansyl hloride (λex = 340 nm,
λem = 510 nm, after reation with an amine [6,7℄) and uoresein (λex 493 nm, λem
519 nm [8℄) are well known examples. Fluoresein in partiular and its derivatives
have been intensively used as protein labels (FITC) [9, 10℄ and pH probes [11℄.
In reent years, researh has been engaged in the design of near infrared (NIR)
probes and labels operating between 600 nm and 1000 nm. There are many ad-
vantages pertaining to this spetral region ompared to the ultraviolet and visible
part of the spetrum. The bakground signal aused by the intrinsi uoresene
of the analyte or its matrix and parts of the measurement setup, e.g. uvetts, is
dereased signiantly. Furthermore, the high penetration of NIR radiation on-
erning skin and tissue in biologial appliations is another benet of this region.
Finally, the uorophores an be exited with ompat laser diodes as inexpensive
and stable light soures [12℄. In the future, the design of uoresent moleules
1
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with dened properties for spei appliations onstitutes a noteworthy syntheti
hallenge for the growing omplexity of analytial purposes.
1.2 Motivation and Aim of Work
The demand of uoresene based methods in analytial hemistry has inreased
during the last few years due to the undeniable advantages of this tehnique.
Hene, intense researh has been onentrated on new uoresent labels for bio-
moleules, stains for ells and tissues, probes and sensor systems for pH [13℄,
metal ions [14℄ as well as for oxygen partial pressure [15℄. This broad spetrum of
appliations entails to a need in uorophores whih dier in terms of funtionality
and spetral properties. Unfortunately, the number of ommerially available labels
and probes that are suitable for numerous analytial problems is limited. This
auses a need for new and improved uoresent ompounds. In the last 15 years
the development and the design of new uoresent labels and probes has beome
an important part of the researh ativity at the Institute of Analytial Chemistry,
Chemo- and Biosensors of the University of Regensburg. This researh varies from
ovalent markers like the pyrilium dyes (the Py-dyes), a speial form of olor
hanging amino-reative labels [16℄, to probes based on photoindued eletron
transfer.
The synthesis, haraterization and appliation of new uoresent ompounds
for analytial problems are presented in this dissertation. One part of the work
deals with labels, mainly amino-reative, operating in the visible to the near in-
frared part of the eletromagneti spetrum. The hallenge of this work is to on-
trive a syntheti pathway whih is easy to follow for the design of small ompounds
with high molar absorbane and intensive olor. The other part of the thesis deals
with the development of uoresent hydrogen peroxide probes based on the pho-
toindued eletron transfer. The regeneration and the attahment to a polymeri
support are additional riteria for the design of these ompounds.
Chapter 2
New Fluoresent Labels
2.1 Bakground
Labeling involves the ovalent modiation of proteins, amino aids, DNA and
other ompounds of interest with reporter moleules. This method is a very power-
ful and important researh tool in hemistry, mediine, and biology due to the
fat that a large number of analytes an not be diretly deteted. Biomoleules
like polypeptides or proteins show no or only an insuient signal for qualitative
or quantitative measurements, thus they represent a role model target for this
tehnique. The answer to this problem is an adequate label generating a lear and
easily detetable signal. The two most popular labeling methods inlude:
• radioative labeling
• uoresent labeling
The use of radioative markers is one of the oldest tehniques whih bears the
advantage of a nearly bakground free measurement. Therefore, the sensitivity of
this method is very high resulting in a very low limit of detetion. In general, one
or more atoms of the label are exhanged by their radioative isomers e.g.
1
H is
replaed by
3
H. Figure 2.1 and gure 2.2 show two examples, the Bolton-Hunter
reagent and the
3
H-suinimidylpropionate. Both are NHS-esters forming an amide
bond with the amino group of the analyte [17, 18℄.
Nowadays, radioative labeling is regarded as less advantageous as the handling
of radioative material aords full-edged employees and the omplex disposal of
nulear waste is required (for environmental reasons) thus rendering this method
ost-intensive. Deay of the radioisotopes auses the signal to fade whih is unfa-
vorable ompared to methods with a stable signal. Finally, this type of labeling is
no longer able to keep with the miniaturization of the analytial systems. State
3
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Figure 2.1: Struture of the Bolton-
Hunter reagent [19℄
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Figure 2.2: Struture of suinimidyl-
propionate [20℄
of the art is the lab-on-a-hip tehnology dealing with nano-liter sale reation
media [21℄. The derease of volume limits the onentration of the radioative
material. Hene, the omplexity, measurement period as well as the ost for a
quantitative measurement inrease [22, 23℄.
The seond tehnique is uoresent labeling. A uoresent dye is attahed to
the moleule of interest either through an eletrostati interation or a ovalent
bond: the reative group of the label will reat with the funtional group of the
analyte [24℄. Covalent labeling is preferable beause of the higher seletivity of this
method.
The importane of uoresent dyes and markers rose signiantly during the
last years [25℄ bearing many advantageous thus ausing shift away from radioative
tagging. The three most important arguments are:
1. Dealing with time-dereasing signals has beome obsolete owing to the re-
versible harater of the uoresene proess of exitation and emission.
2. The osts, both of purhase and deposal, an be redued by applying uo-
resent labels. This is important in high-throughput sreening (HTS) [26℄,
when a big quantity of analytes are measured.
3. Fluoresene labeling and detetion is, besides its high sensitivity, a versatile
tehnique: several parameter e.g. intensity, lifetime, polarisation, FRET and
quenhing behavior an be subjeted to analysis as opposed to only one like
absorbane in photometri detetion for instane [27℄.
A lot of uorophores with dierent absorption and emission wavelengths are
ommerially available. Fluoresein isothioyanate (see gure 2.1) is a very om-
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mon label in the visible range of the eletromagneti spetrum as well as Cy5
NHS-ester (see gure 2.4) in the near infrared part of the spetrum [28,29℄. Many
international ompanies like "Invitrogen" (www.invitrogen.om) and "AttoTe"
(www.atto-te.om) oer a huge number of uoresent dyes for dierent analytial
appliations [23℄.
O OHO
COOH
N C S
Figure 2.3: Struture of FITC
N NO3S SO3H
5
O
O
N
O O
Figure 2.4: Struture of Cy5 NHS-ester
2.1.1 Classial labeling tehnologies
In general, uoresent markers are attahed ovalentely to the moleule of interest
by reation of a label with a funtional group of the analyte. These funtional
groups normally onsist of:
• amino groups (-NH2) e.g. in amino aids as well as at the N-terminus of
polypeptides or proteins
• thiol groups (-SH) at the side hain of sulfur-ontaining amino aids like
ysteine
• arboxyli aid groups (-COOH) e.g. in amino aids (asparti aid) as well
as at the C-terminus of polypeptides or proteins
Hene, hemoseletivity is failitated by a dened reation of an appropriate
label with one of these funtionalities [30℄. Typially, the amino-group serves as tar-
get for labeling experiments and various reagents have been designed for this moi-
ety. NHS-ester for instane are prepared by the ativation of a arboxyli group
with N-hydroxysuinimide and diylohexylarbodiimide. These esters have high
seletivity towards aliphati amines and they are the most ommon reagents for
labeling amino funtionalities [31℄. The best labeling ondition in aqueous media
is pH > 8.3 [32℄ beause of the deprotonation of the amino group. At low la-
beling rates, these onditions are disadvantageous due to the hydrolization of the
reagent in water. Another lass of labels suitable for amino groups are the isothio-
yanates whih form thiourea bonds with the analyte. The reation is preferably
CHAPTER 2. NEW FLUORESCENT LABELS 6
performed in alkaline media and the isothioyanates also tend to hydrolyze in wa-
ter but at a muh lower rate than NHS-esters. In this ontext, sulfonyl halides
represent the last lass of amino-reative labels. These ompounds generate, on
aount of their high reativity in omparison to NHS-esters and isothioyanates,
very stable sulfonamide bonds. In omparision to the labels mentioned above, sul-
fonyl halides are less seletive and moreover not stable in aqueous solvents due
to their high reativity [33℄. Figure 2.5 shows the three labeling tehniques in the
order they are desribed above.
O
OH
NHO
O
O
DCC
O
O N
O
O
1a) Generation of  NHS-ester
O
O N
O
O
1b) The succinimidyl method
A NH2
H
N
O
NHO
O
O
2) The isothiocyanate method
S C N
F
F
F
F
F C
H
N F
S
3) The sulfonyhalide method
S
O
O
Cl F S
O
O
F
A NH2
A NH2
A
H
NA
H
NA
Figure 2.5: Summary of three most ommon labeling tehnologies for amino
groups; A = analyte; F = uorophore
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2.1.2 "Clik Chemistry" as new labeling tehnology
The onept of lik hemistry was introdued and dened by Sharpless, Kolb and
Finn in 2001 [34,35℄. The onept of lik hemistry applies only if a reation meets
the following riteria:
• modular
• wide in sope
• energetially favored
• spei
• very high yields
• generating only inoensive byproduts whih an be removed by nonhro-
matographi methods
Large eorts for the development of syntheti strategies for lik hemistry
have been made, sine the denition of these riteria. As a result, ompliated
syntheses whih normally require either omplex apperatus or harsh experimen-
tal onditions an be simplied by following this onept. The most established
method in this ontext is the opper-atalyzed Huisgen azide-alkyne yloaddition
(CuAAC) whih is also known as the "lik reation" [36℄. The syntheti route
leading to a 1,2,3-triazole is shown in gure 2.6. It was presented in 2002 by Medal
et al. who derived it from the Huisgen 1,3-dipolar yloaddition by the addition
of atalyti quantities of opper(I).
R1 N3 R2
N
NN
R1
R2
Cu (I)
Figure 2.6: Sheme of the regioseletive CuAAC leading to a 1,4 substituted 1,2,3-
triazole
The atalyst is either added as a opper(I) salt like CuI or generated in situ from
a water soluble salt e.g. CuSO4 · 5 H2O and a reduing agent like asorbi aid. The
seond method is normally preferred [37℄. The opper(I) speies aelerates the 1,3-
dipolar yloaddition and guarantees regioseletivity (1,4-produt). The synthesis
is of high yield and takes plae at room temperature in both organi solvents and
water [38, 39℄. Thus CuAAC is perfetly suited for biologial appliations under
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physiologial onditions. Moreover, azide and alkyne funtions an hardly be found
in biologial systems. This provides the opportunity for the hemoseletive and
bioorthogonal introdution of reporter moleules suh as uoresent labels. Kele
et al. [40,41℄ provides a set of likable uorophores as well as dierent appliations
for lik hemistry in biologial ontexts. Therefore, the label ould either arry
an alkyne or an azid moiety (gure 2.6, R1 or R2) whereas the biologial material
is funtionalized with the orresponding ounterpart.
One disadvantage of using the opper atalyzed yloaddition in biologial
systems, however, is the toxiity of the transition metal. The answer is opper free
liking with ylootynes as alkyne speies. The reativity of this system relies
on the geometrial deformation of the alkyne bond arising from ring strain. This
ring strain is high enough to render a atalyst unneessary [38, 42℄.
2.2 Derivatives of 1,8-Naphthalimide as VIS-labels
Dyes operating in the visible part of the eletromagneti spetrum (450 nm -
750 nm) are intensely used as labels for biolgial material in mediine and biol-
ogy. These markers are so popular that entire appliation systems have beome
ommerially available for standard taggings. SigmaAldrih introdued the Fluoro
Tag
TM
FITC onjugation kid with uoresein as a ommon visible hromophore.
1,8-naphthalimides of type A (shown in table 2.1) are another lass of important
daylight hromophores whih have been studied extensively due to their photo-
physial properties [43℄. They exhibit high hemo- and thermostability as well as
high quantum yields [44,45℄. Their polar struture enhanes the water solubility of
the dye reduing the risk of preipitation while working in aqueous media. This is
essential in biologial analysis [46,47℄. In the past, the 1,8-naphthalimide struture
has been used to synthesize laser dyes, moleular probes for pH or metal ion onen-
tration and stains [43℄. "Luifer Yellow CH" for instane is a well known 4-amino-
1,8-naphthalimide for intraellular staining [48℄. In this setion both the synthesis
and the appliation of two amino-reative labels, based on the 1,8-naphthalimide
moiety are presented. Both dyes 1 and 4 are funtionalized by the introdution of
a C-6 linker arrying a arboxy group whih an be ativated (via its NHS-ester)
to give the amino-reative labels 2 and 5 (see table 2.1). The spetrosopi proper-
ties of the hromophores are mainly determined by the nitrogen atom in position
4. This entails an absorption in the blue part and an emission in the greenish
yellow part of the eleromagneti spetrum. The auxohrome group is represented
by either an amino group (1 and 2) or a piperidyl moiety (4 and 5).
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N
R R
NO O
HOOC
NH2
5
NO O
HOOC
N
5
NO O
NH2
5
O
O
N
O
O
NO O
N
5
O
O
N
O
O
A 1 4 2 5
Table 2.1: Basi struture of the naphthalimide A (R = variable moieties), the
free aids 1 and 4 as well as the amino-reative labels 2 and 5
2.2.1 Preparation of label 2
Label 2 is prepared in a two step synthesis (see gure 2.7) whereas the oxy-
suinimidyl ester (often refered to as NHS-ester) is formed in-situ and used
for tagging experiments without further puriations. The target hromophore
1 is synthesized by the reation of 4-amino-1,8-naphthali anhydride and 6-amino
aproi aid in dry dimethylformamide (DMF) [49℄. N,N-Diisopropyl-ethylamine
is added as base and Zn(OA)2 as atalyst. Water is exluded by a 4-Å moleular
sieve as desribed in [50℄. Dye 1 is ativated in-situ by onverting it into its N-
NO O
C
NH2
5
O
O
N
O
O
NO O
HOOC
NH2
5NH2
O O
HOOC
NH2
5
O
1                                                    2
DCC
NHS
Figure 2.7: Syntheti pathway to label 2
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hydroxysuinimidyl ester 2 using N-hydroxysuinimide (NHS) and diylohexyl-
arbodiimide (DCC) in dry dimethyl sulfoxide (DMSO) at room temperature [51℄.
This solution is used diretly for labeling and an be stored at -18
◦
C at least for
one week.
2.2.2 Properties of label 2
Spetrosopi properties
The absorption and emission spetrum of label 2 are shown in gure 2.8. Its ab-
sorption in phosphate buer solution of pH 7.0 peaks at 431 nm with a molar ab-
sorption oeient of 6.9 · 10
3 L
mol·cm
. Solutions of 2 are strongly uoresent, with
an emission maximum at 550 nm and a uoresene quantum yield of 0.1. The
uorophore is exited with a 375 nm pioseond laser. The large Stokes' shift of
119 nm failitates the separation of exitation and emission. The photostability of
2 is tested by monitoring the absorbane at 431 nm during prolonged exposure
of a 10 µM solution in phosphate buer solution of pH 7 to daylight. No loss
of absorbane an be observed over 20 days, whereas a parallel experiment with
uoresein resulted in an absorbane loss of more than 20%.
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Figure 2.8: Normalized absorption spetrum (A) versus normalized emission spe-
trum (B) of label 2 at pH 7.0. The 375 nm laser line that is used for exitation
in this experiment, and the 431 nm laser line whih represents a perfet spetral
math, is also shown. The piture on the left shows label 2 dissolved in water, the
piture on the right shows label 2 in water exited via lab lamb.
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pH dependene
Biologial systems are strongly eeted by pH. Enzymes for instane have a dened
working optimum. In ase of latate oxidase it is 6.5 [52℄ and for gluose oxidase
5.1 [53℄. Unfortunately, the intensity of many uorophores like uoresein also
depends on pH whih limits their appliability. The availability of a label whih
is not inuened by dierent pH values allows for higher exibility, for optimizing
experimental parameters without adverse eets on the limits of detetion. The
inuene of the pH on the uoresene intensity of the unreative dye 1 and
uoresein respetively is displayed in gure 2.9. The uoresene of uoresein
and its isothioyanate (FITC) strongly dereases at aidi onditions. This results
in redued sensitivity under aidi onditions [54℄. The uoresene intensity of
1 (and presumably that of the dye-analyte onjugates), in ontrast, is independent
of pH in the range between 3 and 9. Hene, 2 is an adequate label for tehniques
with variable pH like eletrophoresis and isoeletri fousing [55℄.
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Figure 2.9: Normalized pH dependenies of dye 1 (A) and of uoresein (B)
2.2.3 Appliations of label 2
Compound 2 has been applied to a multitude of analytial problems. On the one
hand it has been attahed to dierent analytes either biologial e.g. amino aids
and proteins or modied silia nano partiles. On the other hand it has also been
used in dierent separation tehniques like size exlusion hromatography (SEC),
thin layer hromatography (TLC), apillary eletrophoresis (CE) and mirohip
eletrophoresis (MCE).
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Labeling of amino aids
The amino aids L-lysine, L-serine, L-glyine, L-glutami aid, L-asparti aid are
labeled by treating them with a solution of 2 (see gure 2.7) in biarbonate buer
solution (pH 8.3, 50 mM) at room temperature [56℄. The proess is monitored via
TLC (silia gel 60, EtA/EtOH 9:1). A mixture of the preolumn labeled amino
aids [57℄ and the free dye 1 is separated by apillary eletrophoresis (see g-
ure 2.10) whih demonstrates the appliability of ompound 2 for this important
analytial tehnique [58℄. The free aid 1 is used as referene instead of the label
beause exess NHS-ester hydrolyzes under these tagging onditions. The migra-
tion times of the labeled amino aids as well as of the free dye 1 are presented in
table 2.2.
Figure 2.10: Eletropherogram of the labeled amino aids and the free dye 1
ompound migration time (min)
L-lysine (1) 2.82
L-serine (2) 2.87
L-glyine (3) 2.94
dye 1 (4) 3.10
L-glutami aid (5) 4.12
L-asparti aid (6) 4.19
Table 2.2: Migration times of the labeled amino aids and of the free dye 1
These experiments were arried out at the Institute of Analytial Chemistry
(Prof. D. Belder) at the University of Leipzig [58℄.
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Labeling of proteins (BSA)
Proteins (and therefore antibodies and enzymes) are important analytes whose
modiation by labeling is an essential researh tool in immunology and ell biol-
ogy [33℄. The importane of adequate markers is shown in the number of labels
that are ommerially on hand. The prospet of new labels is usually tested by
tagging bovine serum albumin (BSA) whih is a readily available and inexpensive
protein. BSA is dissolved in biarbonate buer solution (pH 8.4, 50 mM) and label
2 is added (preparation see gure 2.7). The mixture is stirred for 12 - 15 h at room
temperature and the tagged protein is puried by size exlusion hromatography
(SEC) on Sephadex G-25 whih is a porous polymer material. The priniple of
this separation tehnique is quite simple: small enough moleules permeate into
the porous material and are retarded due to diusion eets. Big moleules do
not permeate into the pores and therefore they are not retarded. In the end, the
biggest moleules of the mixture elutes rst whereas the smallest ones leave the ol-
umn last. In ase of protein labeling, the protein-dye onjugate (highest moleular
weight) eluates rst, the non-labeled protein is seond and nally the unbonded
marker, whih possesses the smallest moleular weight leaves the olumn (prini-
ple of SEC: see gure 2.11) [59℄. This proess an be easily reognized by naked
eye. The yellow band of the labeled protein is immediately separated from that
of the unbound dye and elutes rst (see gure 2.11). The dye-protein onjugate is
submitted to TOF-MS for further analyis (see data in the experimental setion).
(a) [60℄ (b)
Figure 2.11: (a) Priniple of SEC; (b) Puriation of dye-protein onjugate: (1)
unreated label (2) labeled BSA (exitation via lab lamp)
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While the absorption spetrum of the dye-protein onjugate does not dier
from that of the free label, the maximum of the emission is shifted from 550 nm to
501 nm. This eet is aused by the hydrophobi environment of the label on the
protein. Dye 1 also undergoes the same eet in solvents less polar than water.
This indiates that 2 is loated in a less polar environment when immobilized to
BSA. The quantum yield of the onjugate is 0.24 whih is more than twie the
value of the non-onjugated label.
Labeling of silia nanopartiles
Fluoresent silia nanopartiles (FNPs) are a new and interesting lass of ma-
terials. They are readily available in dened sizes and unlike non enapsulated
quantum dots, they are bioompatible [61, 62℄. FNPs are either prepared by dop-
ing silia nanopartiles during their synthesis with uorophores [63℄ or by tag-
ging them with a uoresent label like ompound 2 after surfae modiation.
Amino-modiation of the surfae is realized by treating silia nanopowder with
aminopropyltriethoxysilane (APTES) in reuxing toluene in order to introdue
amino funtionality. Label 2 is added to a suspension of the amino-modied silia
nanopartiles in ethanol and the reation is arried out over night (see gure 2.12).
The labeled partiles are olleted by entrifugation and washed with ethanol to
remove the unreated label. In parallel a blank sample is prepared by ombining
unmodied silia nanopartiles (without amino groups) with the ativated uo-
rophore to exlude unspei bonding. After the entrifugation/washing steps the
blank sample possesses no olor whereas the amino-labeled partiles are strongly
olored. This labeling proedure is ontrived by Mader et al. [64℄.
NH2 N
NH2
O O
O
HN
5
APTES Label 2
A                        B                                         C
Figure 2.12: Labeling of silia nanopartiles; A: unmodied NP, B: amino-modied
NP, C: labeled NP
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Detetion of labeled BSA via mirohip eletrophoresis
Mirohip eletrophoresis (MCE) is a miniaturized high performane separation
tehnique whih oers high separation speed, minimum sample onsumption and
the potential of integration in lab-on-a-hip systems [65℄. The resolution depends
on the appliation of labels suitable for eletrophoreti tehniques. Anioni labels
for instane inrease the separation time leading to peak broadening due to dif-
fusion. Thus neutral or slightly positively harged labels usually are prefered. A
drawbak is the limited isomeri purity of ertain ommerial labels. This results
in multiple signals of the dye and onjugates in the eletropherogram. In ombina-
tion with the low peak apaity of MCE, these avoidable signals hinder the peak
identiation or even an eient separation. The appliability of label 2 (whih is
an isomerially pure and neutral ompound) is demonstrated by separating tagged
BSA from the free label via MCE. This an be done within 90 s [66℄. The labeling
of proteins with ompound 2 is exemplied with the 65-kD protein bovine serum
albumin as deribed in 2.2.3.
Separations in MCE are more hallenging ompared to those in CE beause of
less peak apaity due to the redued separation length. Furthermore, it is di-
ult to separate proteins in eletrophoresis beause of high adsorptive interations
with the glass surfae of the mirouidi devie. This entails in a signiant loss
of separation eieny and detetion sensitivity due to peak broadening. In order
to suppress those interations an eletrophoresis buer ontaining 0.01% (w/w)
hydroxypropyl methylellulose (HPMC) is used as a dynami oating. HPMC pro-
vides highest separation eieny in the aidi pH-range [67℄, the HPMC works
in neutral buer too and allows the separation of the protein and the free dye
(see gure 2.13). When sampling BSA solutions and separating them from free
label, the eletrial potentials are applied in the following order: sample inlet (A),
buer inlet (B), sample outlet (C), buer outlet (D). The injetion potentials are
493 (A), 500 (B), 0 (C) and 1330 (D) V, and the potentials for the separation are
1.6 (A), 2.0 (B), 1.5 (C) and 0 (D) kV (see gure 2.14). The limit of detetion
on-hip is 12.4 nM at 20 µm path length of the optial devie. It is determined by
a method, that uses a lysine labeled with the same uorophore (here label 2) as
standard [58℄.
2.2.4 Preparation of label 5
Label 5 is obtained in a three step synthesis (see gure 2.15) by reating 4-hloro-
1,8-naphthali anhydride and 6-aminoaproi aid with zin aetate as atalyst to
yield 3. Compound 3 is further treated with 2 eq. of piperidine in order to intro-
due a piperidyl moiety and to shift the absorption maximum to the visible range
of the eletromagneti spetrum. The unreative dye 4 beomes amino-reative by
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Figure 2.13: Separation of dye
1 (1) and labeled BSA (2). Ex-
perimental onditions: Separation
length 3 m, buer pH 7 on-
taining 0.01% of HPMC. Injeted
quantity of labeled BSA: nL sale
Figure 2.14: Shemati of the mi-
rohip with four ports (A, B, C,
D) as used for pinhed injetion
of the reation mixture obtained
by labeling BSA with label 2
the same way as desribed in 2.2.1. Therefore, the free aid 4 is ativated in-situ by
onverting it into its N-hydroxysuinimidyl ester 5 using N-hydroxysuinimide
and diylohexylarbodiimide in dry DMSO at room temperature. This solution
is used diretly for labeling and an be stored at -18
◦
C at least for one week.
NO O
HOOC
N
5
NO O
HOOC
Cl
5
OO O
Cl
H2N
COOH
5
N
H
NO O
N
5
O
N
O
O
DCC
NHS
3                                   4                              5
O
Figure 2.15: Syntheti pathway to label 5
Dye 4 is a well known ompound whih is ommerial available at Aurora
Fine Chemials LLC (www.auroranehemials.om). Additionally, two patents
dealing with this dye are published: on the one hand 4 is used as intermediate
for an eletroluminesent devie and on the other hand it is applied as a protein
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inhibitor [68, 69℄. The ativation of the free aid 4 as NHS-ester and its use as
amino-reative label 5 is not aomplished yet.
2.2.5 Properties of label 5
Spetrosopi properties
The absorption of label 5 in water peaks at 406 nm. Solutions of 5 exhibit a
strong yellow uoresene with an emission maximum at 538 nm in water. The
molar absorption oeient (11.1 · 10
3 L
mol·cm
) and the uoresent quantum yield
(0.14) are determined in methanol due to the insuient solubility of the label in
water. The absorption and emission spetrum of 5 are shown in gure 2.16. The
large Stokes' shift (132 nm) failitates the separation of exitation and emission
light whih is partiularly important to redue interferenes aused by bakground
uoresene and sattered light.
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Figure 2.16: Normalized absorption spetrum (A) versus normalized emission spe-
trum (B) of label 5 in water. The piture on the left shows label 5 in water, the
piture on the right shows label 5 in water exited via lab lamb.
2.2.6 Appliations of label 5
Label 5 has been attahed to amino aids as well as to bovine serum albu-
min as standard protein. The dye-analyte onjugates are separated and identied
using dierent separation tehniques like size exlusion hromatography (SEC),
thin layer hromatography (TLC), and high-performane liquid hromatography
(HPLC).
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Labeling of amino aids
L-Glyine and L-asparti aid are dissolved in biarbonate buer solution (pH 8.3,
50 mM) and labeled by the addition of 5 (see 2.2.4). The reation is arried out 18
hours at room temperature. The tagged amino aids are separated and identied
both by TLC (silia gel 60, butanol/aeti aid: 95/5; see table 2.3) and reversed-
phase HPLC. Additionally, a mixture of the preolumn labeled amino aids and
the free dye 4 is separated by HPLC (see table 2.4) proving the appliability of
label 5 for this standard analytial method [70, 71℄.
amino aid (Rf)
L-glyine 0.63
L-asparti aid 0.41
Table 2.3: Rf of the la-
beled amino aids
ompound retention time tR (min)
L-glyine 1.72
L-asparti aid 1.49
free dye 4 2.20
Table 2.4: Retention time of the amino aids
and of the free dye 4
Labeling of bovine serum albumin
Compound 5 was tested as a protein label for the reasons desribed in 2.2.3.
Hene, bovine serum albumin is dissolved in biarbonate buer (pH 8.3, 50 mM)
and label 5 is added (preparation see 2.2.4). The mixture is stirred for 12 - 15 h
at room temperature and the dye-protein onjugate is puried by size exlusion
hromatography on Sephadex G-25 (see gure 2.18).
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Figure 2.17: Normalized absorption
spetrum (A) versus normalized emis-
sion spetrum (B) of dye-protein onju-
gate in phosphate buered saline (PBS)
Figure 2.18: Puriation of
label-5-BSA onjugate via
SEC; (1): unreated label,
(2): dye-protein onjugate
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Figure 2.17 shows that the absorption maximum of the dye-protein onjugate
is loated at 424 nm, thus indiating a bathohromi shift of 18 nm ompared
to the free label 5. The emission maximum is shortwave shifted and peaks at
523 nm (538 nm for the free label). This behavior is aused by the more unpolar
surrounding of the protein in omparison to aqueous media.
2.2.7 Compound 4 in a sensor for oxygen
Wang et al. desribes a new and simple way of oxygen sensing using a speially
designed 2-olor sensor lm and by exploiting the spei photographi readout
option of digital ameras. Compound 4 (preparation aording to 2.2.4) is one of
the two dyes whih are applied in this tehnology [72℄.
2.2.8 Summary and evaluation of the VIS-labels
First, the two VIS labels 2 and 5 are evaluated regarding the omplexity of their
synthesis, the spetral properties and their qualiation as amino-reative labels.
Additionally, the spetral properties of the labels as well as their protein onjugates
are summarized (see table 2.5).
Evaluation of label 2
Label 2 is based on a known and highly photostable yellow daylight hromophore.
Its synthesis is aomplished in two steps and leads to a low mol-weight, eletrially
neutral label that is useful for various labeling experiments (amino aids, BSA,
FNPs) and separation tehniques (SEC, CE, MCE). The emission maximum is
omparable to that of uoresein, but the Stokes' shift of the label and the dye-
to-protein onjugate is as large as 70 nm (ompared to 23 nm for uoresein).
Its photostability is distintly better. Unlike that of uoresein, its uoresene
is independent of pH in the eletrophoretially relevant range between 3 and 9.
Label 2 an be photoexited with blue or purple diode lasers whih have beome
very attrative light soures beause of their small size, longevity, and low power
onsumption. On the other side, the brightness of the marker (dened as the molar
absorbane at the exitation wavelength multiplied by its quantum yield) is inferior
to uoresein and most oumarins. In fat, the absorbane of uoresein is larger
by a fator of 4 at its absorption maximum (489 nm). The polar harater of this
label enhanes its water solubility whih is advantageous when tagging biologial
matter in aqueous media [73℄.
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Evaluation of label 5
Label 5 is based on the same yellow daylight hromophore as label 2. It possesses
a piperidyl moiety in position 4 instead of an amino group. It exhibits similar
spetrosopi properties like photostability, low molar absorbane, high quantum
yield, absorption and emission maxima [74, 75℄. Additionally, its Stokes' shift is
as large as that of label 2 and λem peaks also at shorter wavelength after tagging
proteins. The molar absorbane is higher by a fator of 1.6 ompared to label
2. The preparation requires three synthetial steps resulting in a small and neutral
moleule being used to label biologial analytes (amino aids, BSA). One drawbak
is the redued solubility in aqueous media due to the introdution of the piperidyl
moiety. Consequently, if tagging biologial material the amount of label has to be
restrited due to the preipitation of the dye.
Spetral properties of labels and onjugates
ompound formula λabs (ε) λem (φ)
label 2
NO O
NH2
5
O
O
N
O
O
431 nm (6.9 · 10
3 L
mol·cm
) 550 nm (0.1)
label 2-BSA
NO O
C
NH2
5
O
NH
BSA
431 nm 501 nm (0.24)
label 5
NO O
N
5
O
O
N
O
O
406 nm (11.1 · 10
3 L
mol·cm
in MeOH)
538 nm (0.14
in MeOH)
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label 5-BSA
NO O
C
N
5
O
NH
BSA
424 nm 523 nm (0.26)
Table 2.5: Properties of labels and protein onjugates; oumarin 6 is used as a
standard in quantum yield determination
2.3 Derivatives of phenoxazines as NIR-Labels
The spetral range between 600 nm and 1000 nm is of partiular intrest (ompared
to the UV and shortwave visible part) [7678℄ beause most biomatter displays less
bakground uoresene and straylight there [77℄. Additionally, longwave radia-
tion penetrates biomatter muh more easily than shorter wavelengths whih is
important in biologial appliations. Green, yellow and (deep) red laser diodes are
prefered light soures beause they are aordable and ompat, battery-powered
and easily driven, and they are of high eieny (in terms of onversion of ele-
trial energy into light) [79℄. Hene, there is a substantial interest in uoresent
labels for bioanalytial sienes and in ombination with diode laser light soures.
Numerous labels with exitation maxima of >580 nm have been reported and
are available from ommerial soures inluding Invitrogen (www.probes.om),
Dyomis (www.dyomis.de), Attote (www.atto-te.om), AtiveMotif Chromeon
(www.hromeon.de), Amersham (www.amershambiosienes.om) and others.
Among the long-wavelength emitting dyes, the oxazines and the benzoxazines
(suh as Nile Red and Nile Blue) are attrative due to their stability and bright-
ness [80℄. They have been used as biomarkers for nulei aid, detetion in histo-
hemistry [81, 82℄, for labeling proteins [83℄ and for environmental analysis [84℄.
The state of the art, onerning oxazine-type labels, has been reviewed by Drex-
hage [85℄, Hartmann [86℄, Tung [87℄ and Simmonds/Briggs [88℄, for instane.
Deeply olored oxazines possess a mesomeri donor-aeptor hromophori sys-
tem. Oxazinones, of type B (see table 2.6), are strongly solvatohromi (e.g. or-
ange and uoresent in non-proti solvents, red in methanol, purple and weak
uoresent in water). Diamino-substituted oxazines of type C (see table 2.6) are
blue and hardly solvatohromi. They display good water solubility due to their
ationi nature, often undergo an inrease in uoresene quantum yield upon
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onjugation, and are enabled to strutural modiation, thus various funtional
groups an be introdued.
In this setion novel phenoxazine labels are presented. These ompounds are
advantageous beause far-visible or near infrared dyes an be obtained by a simple
ondensation reation. Hene, all the advantages (mentioned above) for a label op-
erating in this highly desirable spetral region are ahieved within a few syntheti
steps. Two types of phenoxazines (B and C) represents the basi hromophores
of the labels presented in table 2.6. These two hromophores are funtionalized
with dierent groups resulting in a broad eld of appliation. On the one hand
there are the lassi amino-reative markers derivatized by a C-6 linker arrying
a arboxy group (ompounds 8 and 13a/b) whih an be ativated via its N-
hydroxysuinimidyl ester (ompounds 9 and 14a/b). On the other hand there
are the likable labels (ompound 16 and 18) whih an be used in lik hemistry,
a onept desribed in 2.1.2. These labels provide the opportunity to simplify ex-
isting and to generate new strategies of labeling. The dierent sytheti strategies,
spetral properties and appliations are presented in the following setions.
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O
O
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16 18
Table 2.6: Chromophores of the purple oxazines B and the blue oxazines C, the
free aids 8 and 13a/b, the orresponding amino-reative labels 9 and 14a/b as
well as the lik-labels 16 and 18
2.3.1 Preparation of label 9
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Figure 2.19: Syntheti pathway to the purple phenoxazine label 9
Label 9 is synthesized in four steps as shown in gure 2.19. Phloroglui-
nol (a heap and easily available starting material) is funtionalized with ethyl-
bromo-hexanoate to obtain the monosubstituted intermediate 6 [89℄. Ethyl-bromo-
hexanoate is prepared by esteriation of 6-amino-hexanoi aid aording to [90℄.
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Next, the phenoxazine dye 7 is prepared by ondensation of 6 with p-nitroso-
N,N-dimetylaniline [91,92℄. Finally, the arboxyli ester is hydrolyzed under aidi
onditions to obtain the free aid 8. This dye an be easily onverted in-situ into
its NHS-ester 9 using DCC and NHS [93℄. The solution of the ativated dye is
diretly used for labeling and an be stored at -18
◦
C at least for one week.
2.3.2 Properties of label 9
The free aid 8 is used to determine the spetrosopi properties instead of label
9 as the NHS-ester funtionality does not hange the spetrosopi behavior of the
hromophore.
Spetrosopi properties
400 500 600 700
0,0
0,2
0,4
0,6
0,8
1,0
em
is
si
on
 (n
or
m
)
ab
so
rp
tio
n 
(n
or
m
)
nm
594 nm
A B
0,0
0,2
0,4
0,6
0,8
1,0
 
Figure 2.20: Normalized absorption spetrum (A) versus normalized emission spe-
trum (B) of dye 8 in water; Helium-Neon laser line at 594 nm whih represents a
perfet spetral math is also shown. The photos show ompound 8 dissolved in
water: unexited (left) and exited via lab lamb (right).
The absorption and emission spetra of the purple phenoxazine (free aid)
8 exhibit a broad absorption band with a maximum at 589 nm and a shoulder at
565 nm (see gure 2.20). The emission peaks at 630 nm and the Stokes' shift is
32 nm. Compound 8 displays strong solvatohromism like other dyes of the Nile
Red type. The absorption/emission maxima in water (589/630 nm) are shortwave
shifted to 557/619 nm in methanol and to 510/580 nm in toluene. Hene, the
respetive label is a feasible probe for intra-protein (loal) polarity [94, 95℄. The
molar absorbane of 8 is 3.8 · 10
4 L
mol·cm
and quantum yield in aqueous solution is
0.05 determined with Nile Red (QY of 0.018 [96℄) as standard.
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pH dependene
Compound 8 is exited at its absorption maximum (598 nm), and the hange
of the uoresene intensity with pH is measured at its emission maximum (630
nm). The uoresene of 8 drops at low pH whih an be explained by its hemial
struture. Dye 8 is an unharged and slightly basi moleule whose nitrogen atoms
(dimethylamine group and heteroyle) an be protonated. The resulting positive
harge is most likely mesomerially distributed over the whole eletron system and
thus aets emission intensity. Figure 2.21 shows the absorption spetrum of dye
8 whih is shortwave shifted by the transition from an alkaline or neutral (λabs =
598 nm) to an aidi aqueous medium (λabs = 551 nm). Therefore, the exitation
intensity at 598 nm as well as the emission intensity at 630 nm dereases under
aidi onditions.
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Figure 2.21: Normalized absorption spetra of the purple phenoxazine 8 in (A) 0.1
M HCl and in (B) 0.1 M NaOH or 50 mM phosphate buer (PB) of pH 7
2.3.3 Appliations of label 9
In order to demonstrate the sope of label 9, it is used to tag a various number
of analytes ontaining an amino group: from important biologial analytes like
peptides and proteins to silia nanopartiles whih are a new and bioompatible
material with a growing number of appliations.
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Labeling of peptides
Bradykinin onsists of nine amino aids. This peptide enlarges blood vessels and
therefore it dereases blood pressure making bradykinin an important analyte in
mediine and biohemistry [97℄. The peptide is labeled by treating it with a solu-
tion of 9 overnight at room temperature. The labeled bradykinin is separated from
the unreated dye by mirohip eletrophoresis (eletropherogram see gure 2.22,
migration time see table 2.7) in the same manner as desribed in setion 2.2.3.
This experiment shows the appliation of label 9 in MCE. The label exhibits a
neutral and low weight hromophore whih is an advantage in eletrophoresis (like
label 2 ). Additionally, label 9 operates in the highly desired near infrared region of
the eletromagneti spetrum and an be exited with small laser diodes. Hene,
in the small separation system (MCE) and detetion devie (laser diode, uores-
ene detetion) two riteria for a future lab-on-a-hip system are fullled. The
MCE experiment is arried out at the Institute of Analytial Chemistry (Prof. D.
Belder) at the University of Leipzig.
Figure 2.22: Separation of the labeled bradykinin (1) and dye 8 (2). Experimental
onditions: Separation length 3 m, buer PBS pH 7. Injeted quantity of labeled
bradykinin: nL sale
ompound migration time in se
bradykinin (1) 19.8
dye 8 (2) 23.00
Table 2.7: Migration time of the labeled bradykinin as well as of the free dye 8
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Labeling of bovine serum albumin
Like in the ase of bradykinin, the labeling is arried out over night at room tem-
perature. The protein is puried by size exlusion hromatography and submitted
to TOF-MS analysis (see data in the experimental setion). The eet of BSA on
uoresene intensity of the dye is heked via BSA titration. Here, 5 µL ( =
0.054 M) of non-reative dye 8 is added to a buered solution (PBS, 50 mM, pH
7) of BSA in onentrations between 0 and 1000 mg/L. No signiant hange in
uoresene intensity an be observed, indiating that there is no disturbane of
the uoresent measurement by non-ovalent dye-protein interation. The photo-
physial properties of the non-reative dye with those of the dye-protein onjugate
are presented for omparison in table 2.8. Quantum yields are determined in phos-
phate buer (pH 7, 50 mM). Nile Red is used as standard.
ompound λabs λem (φ)
dye 8 565 nm (shoulder) 630 nm
589 nm (0.05)
labeled BSA 558 nm 627 nm
(0.04)
Table 2.8: Photophysial properties of dye 8 and labeled BSA
While the emission spetra and the quantum yields of the dye-protein on-
jugate of the purple phenoxazine does not signiantly deviate from that of the
unreative dye, the absorption spetrum of the protein onjugate varies, resulting
in a dierent shape of the bands (see gure 2.23). This eet is only visible after
the ovalent attahment of the uorophore to the protein. The absorption spe-
trum is unhanged if only the non-reative dye is added to a BSA solution. Hene,
the hange of only the absorption band is a useful tool whih indiates a suessful
ovalent labeling.
Labeling of silia nanopartiles
The labeling of silia nanopartiles (SiNPs) with 9 is a forward-looking appliation.
Both, the easy aordable and bioompatible SiNPs and a far-visible ompound
adequate for laser exitation are ombined. The tagging is realized by two dierent
methods A and B:
Method A: Silia nanopowder from Nanostruture&Amorphous Materials
In. (www.nanoamor.om) is treated with APTS in order to obtain amino-modied
material. Label 9 is added to a suspension of the amino-modied silia nanopow-
der in ethanol and the reation is arried out over night. The amino-labeled par-
tiles are olleted by entrifugation (6000 rpm, 10 min) and washed with ethanol
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Figure 2.23: Normalized absorption spetrum of dye-BSA onjugate (A) versus
normalized absorption spetrum of dye 8 in water (B)
(3 times) removing the unreated label. In parallel a blank sample is prepared
by ombining unmodied SiNPs (without amino groups) with the ativated u-
orophore. After the entrifugation/washing steps the blank sample shows almost
no olor whereas the amino-labeled partiles are strongly olored.
Method B: Unfuntionalized SiNPs are prepared by the Stöber method [98℄.
A mixture of APTS in ethanol and label 9 are stirred over night in order to reeive
labeled silane. This dye-silane onjugate is diretly used to label the SiNPs. These
labeled SiNPs are puried by SEC on Sephadex LH-20 (see gure 2.24). The parti-
les modied with uorophores are obtained by olleting the olored fration that
leaves the olumn rst. The seond olored band that moves muh slower ontains
the unreated reagents and is disarded. In parallel a blank sample is prepared
to exlude unspei binding of the uorophore to the partile surfae. Therefore,
alosol ontaining partiles are diluted with ethanol. The unreative dye 8 (free
aid) is also dissolved in ethanol and added to the partile solution. The mixture
is stirred over night and puried by SEC as desribed above. The resulting SiNPs
possess no signiant uoresene.
The emission maximum of the labeled SiNPs (methodA andB) is bathohromi-
ally shifted (λem = 626 nm) in omparison to the unreated label (λem = 619 nm;
see gure 2.25). The emission spetra of the labeled SiNPs and the unreated
reagent are reorded in ethanol and therefore blue shifted as ompared to the
spetra in aqueous media.
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Figure 2.24: Separation of unre-
ated dye (1) and labeled parti-
les (2) on Sephadex LH-20
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Figure 2.25: Normalized emission spetra of
dye 8 (A) and the labeled partiles (B) in
ethanol
2.3.4 Preparation of labels 14a/b
The blue phenoxazine labels 14a/b (see gure 2.26) are prepared in ve syn-
theti steps. The two labels dier only in the replaement of a dimethylamino
group (label 14a) by a diethylamino group (label 14b). Both syntheses start from
phlorogluinol. Treatment with piperidine yields ompound 10 [99℄. The interme-
diate 11 is obtained by reation with ethyl-bromohexanoate whih is prepared by
the esteriation of 6-amino-hexanoi aid [90℄. The ondensation with p-nitroso-
N,N-dimethylaniline or p-nitroso-N,N-diethylaniline leads to the phenoxazine 12a
or 12b, the aidi-atalyzed hydrolysis to the free aids 13a and 13b by anal-
ogy to the purple phenoxazine. In the last step, the free aids are ativated by
treating them with DCC and NHS in dry DMSO whih results the orresponding
NHS-esters 14a and 14b. The solutions of the labels an also be stored at -18
◦
C
at least for one week.
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Figure 2.26: Syntheti pathway to the blue phenoxazine labels 14a/b
2.3.5 Properties of labels 14a/b
The free aids 13a/b are used to determine the spetrosopi properties instead
of labels 14a/b as the NHS-esters funtionalities do not hange the spetrosopi
behavior of the hromophores.
Spetrosopi properties
Due to dierent eletron aeptors (a arbonyl group of the purple phenoxazine
8 and an iminium group of 13a/b) the absorption as well as the emission of the
blue phenoxazines are bathohromatially shifted as shown in gure 2.27 and 2.28.
The absorption maximum peaks at 648 nm (λshoulder = 598 nm) for 13a and 652
nm (λshoulder = 602 nm) for 13b. Therefore, the two labels an be exited with
the 635 nm diode laser whih is widely used in uoresene instrumentation suh
as ell sorters and imagers. Molar absorbane of 13a is 7.1 · 10
4 L
mol·cm
and 7.0 ·
CHAPTER 2. NEW FLUORESCENT LABELS 31
10
4 L
mol·cm
for 13b. The uoresent emission peaks at 670 nm for 13a and at 671
nm for 13b. Both exhibit a quantum yield in water of 0.004 whereas Nile Blue
(QY is 0.004 [100℄ in water) is used as standard. The two phenoxazines show a
blue olor in water with a red uoresene after photoexitation.
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Figure 2.27: Normalized absorption
spetrum (A) versus normalized emis-
sion spetrum (B) of dye 13a. The lines
at 635 nm and 650 nm of the laser are
also depited.
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Figure 2.28: Normalized absorption
spetrum (A) versus normalized emis-
sion spetrum (B) of dye 13b. The lines
of the 635 nm and 650 nm laser are also
shown.
These ompounds are muh less solvatohromi and therefore the absorp-
tion/emission maxima are muh less shifted in methanol solution (639/663 nm
for 13a and 643/666 nm for 13b) ompared to the purple phenoxazine.
pH dependene
The eet of pH on the uoresene of the the blue phenoxazine dyes is studied for
the pH range 3 to 9. Both dyes are exited at their maximum in aqueous media
and the hange of their uoresene intensity is measured. It turns out that the
emission intensity of 13a/b and therefore the intensity of the orresponding NHS-
esters do not depend signiantly on pH in omparison to the purple phenoxazine
8 whih intensity dereases under aidi onditions (see gure 2.29 and setion
2.3.2). The reason for the dierent pH sensibility of the purple and the blue phe-
noxazines is due to their dierent struture. Compound 8 and label 9 are neutral
moleules whih an be protonated at their nitrogen atoms. This has an inuene
on the mesomeri system of the dyes and hene to their emission intensity. The
blue phenoxazines already arry a positive harge whih renders an additional pro-
tonation on the mesomeri system improbable. So, there is no remarkable eet
of pH on the emission intensity of the blue dyes.
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Figure 2.29: Normalized pH dependenies of dye 13a (A) and the purple phenox-
azine 8 (B) between pH 3 and pH 9
2.3.6 Appliations of labels 14a
In order to demonstrate the appliation of the blue phenoxazines as amino-reative
labels, ompound 14 has been attahed to amino aids as well as to bovine serum
albumin as standard protein. The dye-analyte onjugates are separated and iden-
tied using size exlusion hromatography (SEC) and thin layer hromatography
(TLC). Tagging experiments are arried out with ompound 14a due to the fat
that the two blue labels only dier insigniantly in their spetrosopi and stru-
tural properties.
Labeling of amino aids
The amino aids L-leuine, L-serine, L-glyine, L-glutami aid, L-asparti aid
are dissolved in biarbonate buer (pH 8.3, 50 mM) and labeled by treating them
with solutions of 14a overnight at room temperature. The proess is monitored
via TLC (silia gel 60, butanol/aeti aid/water: 60/20/20) and the retention
times are depited in table 2.9.
ompound Rf
L-serine 0.31
L-asparti aid 0.35
L-glyine 0.36
L-glutami aid 0.4
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L-leuine 0.42
Table 2.9: Rf of the labeled amino aids
Labeling of bovine serum albumin
Bovine serum albumin (BSA) serves as a model protein in this labeling experi-
ments. Similar to the amino aids, a solution of 14a in DMSO is added to BSA
in biarbonate buer (pH 8.3, 50 mM). The tagging is arried out over night and
at room temperature. The labeled protein is puried by size exlusion hromatog-
raphy (see gure 2.30) and analyzed by TOF-MS (see data in the experimental
setion). The eet of BSA on uoresene intensity of the dye is heked via BSA
titration in the same manner as shown in 2.2.7: 5 µL ( = 0.054 M) of non-reative
dye is added to BSA in phosphate buer solution (pH 7, 50 mM). Conentrations
of BSA solutions range between 0 and 1000 mg/L. No signiant hange in u-
oresene intensity an be observed, indiating that the uoresent measurement
are not disturbed by non-ovalent dye-protein interation.
Figure 2.30: Puriation of label-
14a-BSA onjugate via SEC; un-
reated label (1), dye-protein on-
jugate (2)
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Figure 2.31: Normalized absorption
spetrum of dye-BSA onjugate (A)
versus normalized absorption spetrum
of dye 13a (B) in water
Figure 2.31 shows that the absorption spetrum of the dye-protein onjugate
(A) dier from that of the free dye 13a (B) resulting in a dierent shape of
the bands. This eet an also be observed in ase of the purple label 9 and
is only visible after ovalent labeling. The absorption spetrum is not altered if
the non-reative dye only is added to a BSA solution. Hene, the hange of the
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absorption spetrum is a useful indiator for suessful labeling. Tabel 2.10 lists
the photophysial properties of the non-reative dye in omparison with those of
the dye-protein onjugate. Quantum yields are determined in phosphate buer
solution (pH 7, 50 mM) with Nile Blue as standard.
ompound λabs λem (φ)
dye 13a 598 nm (shoulder) 670 nm
648 nm (0.004)
labeled BSA 592 nm 677 nm
641 nm (0.003)
Table 2.10: Photophysial properties of dye 13a and labeled BSA
2.3.7 Preparation of label 16
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Figure 2.32: Syntheti pathway to the purple lik-label 16
The motivation behind the synthesis of label 16 lies in the ombination of the
innovative onept of lik-hemistry with the advantageous spetral properties of
the purple hromophore B (see table 2.6). The preparation of this ompound is
aomplished in two steps leading to a low mol-weight and far-visible lik-label
(see gure 2.32). The phenoxazinone 15 is synthesized by the ondensation of
phlorogluinol and p-nitroso-N,N-dimethylaniline aording to Kotouek et al. [91℄.
The alkyne linker is introdued by the reation of 15 with propargyl bromide giving
lik-label 16. Further ativation steps, essential for all amino-reative labels, are
not neessary. This work was done in ooperation with Dr. Xiaohua Li where Dr. Li
was responsible for the seond part of the synthesis.
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2.3.8 Properties of label 16
Spetrosopi properties
Label 16 is a representative of purple phenoxazines (see table 2.6, hromophore B).
Figure 2.33 shows a broad absorption band with a maximum at 596 nm (shoulder
at 561 nm) and a molar absorbane of 3.5 · 10
4 L
mol·cm
. The emission peaks at
630 nm and the Stokes' shift is 34 nm. The dye exhibits a strong solvatohromism
whereby the absorption/emission maxima in water (596/630 nm) are shortwave
shifted to 550/620 nm in methanol. Quantum yield of 16 is 0.12 (Nile Red as
standard, QY in methanol 0.08 [101℄) whih is determined in methanol due to its
poor solubility in water.
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Figure 2.33: Normalized absorption spetrum (A) versus normalized emission spe-
trum (B) of 16
2.3.9 Appliations of label 16
Clikable uorophore for biologial appliation
Kele et al. modies an azido sugar as a model framework with ompound 16 be-
ause sugars are important biologial moleules (see gure 2.34) [41℄. The lik re-
ation demonstrates the appliation of the label for bioorthogonal tagging beause
of the extreme rareness of azido and alkyne moieties in biologial systems [102,103℄.
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It also turns out that the spetral properties of the dye do not hange upon onju-
gation. Additionally, label 16 operates in the far-visible part of the eletromagneti
spetrum and therefore interferenes aused by biologial bakground uoresene
are redued.
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Figure 2.34: Clik-reation to label azido-sugars as model saold
Labeling of uponverting partiles
Fluoresent labeling of uponverting partiles (µm or nm size) with label 16 is
arried out by Mader et al. to obtain partiles with dual emission. The emission
depends on whether the uponverting part is photoexited at 980 nm or the organi
dye at 596 nm. It is ombined by liking ompound 16 to a silia-oated and azido-
modied uponverting partile. The partile onsists of inorgani, uponverting
material (La2O2S for µ-partiles; NaYF4 for nano-partiles) whih is doped with
Yb
3+
and Er
3+
[104℄. The spetrosopi properties of label 16 slightly deviate after
the ovalent attahment to the surfae of the partiles. The absorption peaks at
590 nm and the emission at 620 nm [105℄.
2.3.10 Preparation of label 18
Label 18 is reated as a lik-label whih is operating in the NIR-part (600-1000
nm) of the eletromagneti spetrum. Little eort has been made to develop suh
labels in this spetral region whih is of ertain advantage espeially when work-
ing with biologial material. There are no interferenes aused by the biologial
bakground luminesene and low energy radiation is in position to deeply pen-
etrate skin and tissue. Additionally, label 18 is ationi and therefore its water
solubility is enhaned. This is beniial when working with biologial analytes in
aqueous media. Label 18 is obtained in three syntheti steps with phlorogluinol
as starting moleule. Treatment with piperidine yiels 10. The intermediate 17 is
prepared by reation with propargyl bromide and ondensation with p-nitroso-
N,N-dimethylaniline leading to the moleule of interest 18 in the last step (see
gure 2.35).
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Figure 2.35: Syntheti pathway to the blue lik-label 18
2.3.11 Properties of label 18
Spetrosopi properties
In ontrast to the purple lik label 16 the absorption and the emission spetrum
of the blue phenoxazine 18 are bathohromially shifted (see gure 2.36). This is
aused by the replaement of the arbonyl group by an iminium moiety and is
also observed for the blue amino-reative phenoxazines (see 2.3.5). The absorption
spetrum of the blue lik label shows a broad band with a maximum at 651 nm
and a shoulder at 599 nm. Therefore, it an be exited with the 635 nm diode
laser. The molar absorbane of 18 is 7.3 · 10
4 L
mol·cm
and the emission peaks at
674 nm with a quantum yield of 0.009 in aqueous solution (Nile Blue is used as
standard, QY is 0.004 [100℄).
2.3.12 Appliation of label 18
Clikable uorophore for biologial appliation
Kele et al. also uses ompound 18 to tag an azido sugar for the same reasons as
desribed in 2.3.9 (see gure 2.37). The advantages of 18 ompared to the purple
lik label 16 are the more favorable spetrosopi properties (NIR instead of far-
visible, exitation with the widespread 635 nm laser diode) and the enhaned water
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Figure 2.36: Normalized absorption spetrum (A) versus normalized emission spe-
trum (B) of 18. The line of the 635 nm laser diode is also shown.
solubility aused by the positively harged hromophore of the blue phenoxazine.
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Figure 2.37: Clik-reation to label azido sugars as model saold
2.3.13 Summary and evaluation of the NIR-labels
In this setion, the NIR-dyes are evaluated regarding the omplexity of their syn-
thesis, the spetral properties and their qualiation as appropriate labels. Addi-
tionally, the spetral properties of these dyes and their orresponding onjugates
are summarized (see table 2.11).
Evaluation of dye 8
The strutures and the spetrosopi properties of dye 8 and its orresponding
label 9 are related to Nile Red. The absorption oeient (3.8 · 10
4 L
mol·cm
) for
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instane is idential with that of Nile Red, a well-established laser dye and stain
for biologial material [106, 107℄.
Preparation is arried out in four syntheti steps leading to a low mol-weight, ele-
trially neutral and far-visible label that is proven to be useful for various tagging
experiments (peptide, BSA, silia nanopartiles) and separation tehniques (SEC,
MCE). The feasible usage as a probe for intra-protein (loal) polarity due to its
strong solvatohromism demonstrates the broad appliation of the purple phenox-
azine. A similar label is established by the group of Briggs et al. but this ompound
is distintly bigger in size [108℄. The solubility in aqueous media is unfortunately
limited as expeted for neutral organi ompounds. Hene, in biologial applia-
tion the amount of label has to be restrited in regard of the possible preipitation
of the dye.
Evaluation of dye 13a/b
Dye 13a and 13b as well as their NHS-esters (14a/b) are operating beyond 600 nm
(NIR-dyes). These blue phenoxazines are apable of being exited via the 635 nm
or 650 nm laser diode whih is a small, widespread and stable light soure. Their
absorption oeients (∼7.0 · 10
4 L
mol·cm
) are twie as high as those of the purple
phenoxazines (8/9) and omparable to Nile Blue (7.6 · 10
4 L
mol·cm
[109℄). Addition-
ally, the blue phenoxazines are positively harged whih makes them more soluble
in aqueous media than the neutral/purple ompounds. This is advantageous while
working with biologial material. 13a/b and their NHS-esters are synthesized in
four to ve steps thus reating two easily aordable ompounds for dierent label-
ing experiments.
Drexhage and Marx (Boehring Mannheimer GmbH) [110℄ synthesize dyes and
labels related in struture and spetrosopi properties. Compared to the blue
phenoxazines desribed in a patent of Boehring Mannheimer GmbH, dye 13a/b
and their orresponding labels are not funtionalized at the push and pull system
of the hromophore whih is disadvantageous for the spetral properties of the
label in terms of molar absorbane and brightness (dened as the produt of ε and
quantum yield).
Evaluation of dye 16
Label 16 is derived from ompound 8 (alternatively from label 9) due to a transfer
of the advantageous harateristis (e.g. easy synthesis and spetral range) to a
likable ompound. The only dierene between these two phenoxazines lies in the
replaement of the linker (8 is arrying a arboxyli aid) with an alkyne linker.
Hene, the spetrosopi properties (see tabel 2.11), the strong solvatohromism
and the solubility in water are very similar to ompound 8. Compound 16 is
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prepared in only two syntheti steps leading to a ompound whih proved its broad
appliability in liking biologial material and uponverting partiles. Espeially
the relatively simple synthesis from heap and easily aordable starting materials
makes this label an interesting likable uorophore.
Evaluation of dye 18
Label 18 is a likable derivative of the blue phenoxazine 13a (alternatively of
the amino-reative label 14a) in whih the amino-reative linker is replaed by
an alkyne moiety. Their spetrosopi properties (longwave part of the spetrum)
are very similar to ompound 13a (see table 2.11). This is highly desirable due
to redued bakground uoresene aused by the analytes. Compared to label 16
the struture (positive harge) of the blue lik-label enhanes its water solubility
whih is important in biologial appliations. The synthesis onsists of three steps
with heap and easily aordable starting materials similar to label 16.
Spetral properties of dyes and onjugates
ompound formula λabs (ε) λem (φ)
dye 8
O
O
O
COOH
N
Me2N
5
565 nm (shoulder)
598 nm (3.8 · 10
4 L
mol·cm
)
630 nm (0.05)
dye 8-BSA
onjugate O
O
O
C
N
Me2N
5
O
H
N BSA
558 nm 627 nm (0.04)
dye 13a
O
O
N
COOH
N
N
5
ClO4
598 nm (shoulder)
648 nm (7.1 · 10
4 L
mol·cm
)
670 nm (0.004)
dye 13a-BSA
onjugate
O
O
N
N
N
5
ClO4
C
O
H
N BSA
592 nm
641 nm
677 nm (0.003)
dye 13b
O
O
N
COOH
N
N
5
ClO4
602 nm (shoulder)
652 nm (7.0 · 10
4 L
mol·cm
)
671 nm (0.004)
dye 16
O
O
O
N
N
561 nm (shoulder)
596 nm (3.5 · 10
4 L
mol·cm
)
630 nm (0.12 in
MeOH)
dye 18
O
O
N
N
Me2N
ClO4
599 nm (shoulder)
651 nm (7.3 · 10
4 L
mol·cm
)
674 nm (0.009)
Table 2.11: Properties of NIR-dyes and their protein onjugates in water; Nile Red
and Nile Blue are used as standards in quantum yield determination
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2.4 Azido- and thiol-labels based on purple and
blue phenoxazines
Table 2.12 itemizes two azido-labels suitable for lik hemistry as well as two thiol-
reative labels and their spetral properties. Both lasses are base on developments
desribed in 2.3. The synthesis and the appliation of these dyes are arried out
by Jana Kleim in her diploma thesis whih I o-supervised. The aim of her thesis
is the preparation of azido lik-labels attahable to alkyne moieties. Furthermore,
this azido dyes are modied by lik hemistry leading to highly seletive thiol
labels (theory desribed in 2.1). Synthesis, properties and appliation of the new
labels are depited in [111℄ and [112℄.
formula
λabs (ε) λem (φ)
Me2N
N
O O
O N3
595 nm (1.73 · 10
4 L
mol·cm
) 629 nm (0.012)
Me2N
N
O N
O
ClO4
N3
649 nm (5.3 · 10
4 L
mol·cm
) 669 nm (0.014)
Me2N
N
O O
O N N
N
N
O
O
597 nm (2.2 · 10
4 L
mol·cm
) 628 nm (0.023)
Me2N
N
O N
O
ClO4
N N
N
N
O
O
650 nm (4.5 · 10
4 L
mol·cm
) 668 nm (0.015)
Table 2.12: Struture and spetrosopi properties of azido- and thiol-labels based
on purple and blue phenoxazines
Chapter 3
New uoresent PET-probes for
H2O2 sensing
3.1 Bakground
PET is the abbreviation for Photoindued Eletron Transfer and desribes an
eletron tranfer from a PET-donor to an exited uorophore (aeptor) whih
inuenes the luminesene intensity of the aeptor [113℄. In the researh of this
phenomenon great eorts have been undertaken to generate spei luminesene
probes for various appliations. The build-up as well as the funtioning of a PET-
probe is illustrated in gure 3.1. The probe ontains three omponents [114℄:
• a uorophore (aeptor);
• a spaer group; and
• a reeptor (donor).
Hene, the design is highly versatile with regard to individual purposes. The hoie
of the uorophore is determined by the required exitation and emission wave-
lengths. Working with tissue for instane demands long wavelength irradiation
and therefore NIR-dyes. The moleule of interest determines the onstitution of
the reeptor e.g. rown ethers for sensing metal ions [115℄ or a piperazine moiety
for the measurement of pH [116℄. The spaer failitates the PET-eet whih is a
long range proess [117℄.
The o-mode of the probe represents the quenhing of the photo-exited u-
orophore aused by the eletron transfer of the analyte-free reeptor (donor). In
the on-mode the exitation of the uorophore entails luminesene due to the
fat that the eletron transfer from the donor to the aeptor is bloked by the
formation of a reeptor analyte-bond (see gure 3.1) [118℄.
42
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Figure 3.1: Fluorophore-spaer-reeptor sheme of a PET-probe
Soh et al. [119℄ explains this behavior in terms of a moleular orbital energy
diagram of the PET-probe. Figure 3.2 illustrates the two ases whether or not an
eletron transfer from the donor to the aeptor is possible. If the energy level of
the highest oupied moleular orbital (HOMO) of the donor (reeptor) is high
enough an eletron transfer to the HOMO of the exited aeptor (uorophore)
ours and the quantum yield of the uorophore is low (part (a)). The intera-
tion of an analyte with the reeptor stabilizes the HOMO of the donor whih is
then energetially loated below the uorophore's HOMO. Hene, the PET-eet
is suspended and the quantum yield of the uorophore inreases (part (b)). The
design of an eient PET-probe depends on the energy level of the HOMO of
an exited aeptor whih has to be loated between the HOMO energy levels
of the analyte-free donor and the analyte-bound donor. De Silva et al. [120℄ de-
notes a more easier riterium for the formation of PET-probes: In the o-mode
(PET ours) the oxidation potential of the reeptor is smaller than that of the
aeptor. In the on-mode (PET is suspended) the binding of an analyte moleule
signiantely disturbs the oxidation potential of the reeptor whih is therefore
higher than that of the uorophore. Furthermore, it is important that the redox
potential of the uorophore is muh less inuened by the analyte ompared to
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the reeptor [117℄.
(a) (b)
Figure 3.2: (a) analyte-free situation in whih an eletron transfer ours (o-
mode) (b) analyte-bound situation in whih the PET eet is bloked (on-mode)
3.1.1 Development and appliation of PET-probes
In 1976 Wang and Morawetz presented the rst probe harnessing the priniple of
PET [121℄. Figure 3.3 depits the struture of dibenzylamine ontaining the three
required omponents. The ompound possesses a uorophore (two benzyl moi-
eties, blue) with exitation and emission in the UV region of the eletromagneti
spetrum. Two methylene groups (blak) spae the uorophores from the aliphati
amine reeptor (red) whih is apable for sensing H
+
. The uoresene intensity
inreases after protonation.
H
N
Figure 3.3: Struture of dibenzylamine with the three essential omponents PET
probes highlighted: uorophore, spaer, reeptor
Dibenzylamine is not an ideal PET-probe. On the one hand it operates in
the unfavorable UV region of the spetrum and on the other hand it is not spe-
i regarding H
+
. The probe also reats with Zn
2+
and aeti anhydride. In
the following years PET-probes have been improved onerning their speity and
their spetral properties. Also the number of analytial problems takled by probes
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dealing with the onept of PET inreased and today some of them are ommer-
ially available e.g. for blood analytes (Na
+
, K
+
, Ca
2+
) [122℄. Figure 3.4 shows
a oumaryl-rown ether that seletively detets the toxin "saxitoxin" in the pres-
ene of Na
+
, K
+
[123℄. Beside the high seletivity the exitation and emission
properties are bathohromatially shifted in omparison to dibenzylamine. Addi-
tionally, gure 3.4 outlines the three strutural omponents (uorophore, spaer,
reeptor) whih all PET probes have in ommon.
O OR
O
O
O
ON
O
R =  OMe
N
H
O
Figure 3.4: Struture of oumaryl-aza-rown derivatives for sensing saxitoxin: u-
orophore, spaer, reeptor
3.1.2 PET-probes for hydrogen peroxide sensing
State of the art
Hydrogen peroxide (H2O2) is one representative of the so-alled "reative oxy-
gen speies" (ROS) besides singlet oxygen, hydroxyl radials, and superoxide an-
ion. These speies are assoiated with various pathologial onditions: if their phys-
iologial onentration is exeeded ROS indiate oxidative stress in vivo [124,125℄.
Additionally, H2O2 is vasoative and it appears in inammations and hypoxia-
reoxygenation [126, 127℄. Knowledge of the behavior of this important analyte,
espeially in biologial systems is insuient due to the lak of appropriate de-
tetion methods [119℄. Fluoresent analysis is espeially useful for measurements
in living ells and tissue beause a ontinuous observation is possible [128℄. Un-
fortunately, only a few uoresent probes for deteting H2O2 e.g. naphthouo-
resein disulfonate (NFDS-1) [129℄ are known. The number of probes based on
the PET-eet is even smaller. Soh et al. presents a H2O2 PET-probe (DPPEA-
HC) using a diphenylphosphine moiety as reeptor group whih is spaed from
the oumarin uorophore by two methylene groups [130℄. Fluoresene intensity
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of the probe depends on the PET-eet from the diphenylphosphine donor to the
hydroxyoumarin aeptor. If the reeptor (red) reats with H2O2 it is oxidised
to a diphenylphosphine oxide moiety (green) as shown in gure 3.5. The eletron
transfer is bloked and the uoresene intensity inreases.
O
OH
O
O NH
P
O
OH
O
O NH
P O
H2O2
PETPET
Figure 3.5: (left) Struture of DPPEA-HC in its o-mode showing weak/no uo-
resene and (right) in its on-mode (DPPEA-HC-oxide) with suppressed PET and
bright uoresene; uorophore, spaer, reeptor, analyte-bound reeptor
Novel developments
Inspired by this priniple and the advantages of a uoresent PET-probe for H2O2
sensing we present both the synthesis and the appliation of two novel probes
based on 4-amino-1,8-naphthalimide derivatives. This important yellow daylight
uorophore is widely used as aeptor in PET-probes for sensing anions [131℄
or metal ions [132℄ due to its favorable harateristis. It operates in the visible
part of the eletromagneti spetrum and exhibits advantageous photophysial
properties e.g. a large Stokes' shift and insensitivity to pH [133℄. P-Anisidine and
p-aminophenol, respetively, are the reeptors of hoie whih are spaed by two
methylene groups. Both ompounds 21 and 26 are additionally funtionalized
by the introdution of a C-6 linker arrying a arboxy group (or the ethyl ester).
Therefore, the probes an be ativated by DCC and NHS giving the orresponding
amino-reative NHS-esters whih an be attahed to polymeri supports in order
CHAPTER 3. NEW FLUORESCENT PET-PROBES FOR H2O2 SENSING 47
to obtain a sensor devie. Table 3.1 shows the basi struture of the naphthalimide
A (same as in hapter 2) and the hydrogen peroxide probes 21 and 26.
N
H
O O
N
R R
NO O
O
NH
HN
OH
O
5
NO O
OH
NH
HN
O
O
5
A 21 26
Table 3.1: Basi struture of 1,8-naphthalimide A (R = variable moieties) and of
probes 21 and 26
These PET-probes work in the same manner as desribed above. Figure 3.6
illustrates this priniple and the three essential omponents for PET-probes (ol-
ored) for ompound 26. Hene, the eletron transfer of the reeptor (p-amino-
phenol) diminishes the uoresene intensity of the exited naphthalimide in ab-
sene of H2O2. If H2O2 oxidizes the p-aminophenol moiety the eletron transfer
is suspended and the uoresene intensity inreases. The oxidation behavior of
the p-aminophenol moiety reeptor group is related to the hydroquinone/quinone
system whih is shown in part (b) of gure 3.6. The mehanism of the oxidation of
probe 21, espeially of the p-anisidine moiety is unknown. A possible theory is a
one-eletron oxidation by the generation of a radial ation as desribed by Simon
et al. [134℄.
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Figure 3.6: (a) Struture of probe 26 (left) for sensing hydrogen peroxide as well
as of probe 26-oxidized (right); uorophore, spaer, reeptor, analyte-bound re-
eptor; (b) priniple of the related hydroquinone/quinone system
3.1.3 Preparation of probe 21
Probe 21 is obtained in a four step synthesis (see gure 3.7). P-Anisidine and
N-(2-bromoethyl)-phthalimide as heap and easily aordable starting materials
are reated to give ompound 19. The phthalimide moiety of 19 is leaved by
the treatment with hydrazine monohydrate in boiling ethanol to yield the pri-
mary amine 20. The substitution of the hloro group of ompound 3 (synthesis
desribed in 2.2.4) by the amino group of 20 nally yields produt 21. The aid
moiety of the probe is made amino-reative in order to attahe the probe to a poly-
meri support ontaining amino groups. Therefore, ompound 21 is onverted into
its N-hydroxysuinimidyl ester 21-NHS using NHS and DCC in dry DMSO at
room temperature. The in-situ prepared solution is used diretly and the ativated
ompound an be stored at -18
◦
C at least for one week.
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Figure 3.7: Syntheti pathway to probe 21 and its ativation (probe 21-NHS)
3.1.4 Properties of probe 21
Spetrosopi properties
The spetrosopi properties of probe 21 are related to those of VIS-labels 2
and 5 (presented in setion 2.2) due to the 1,8-naphthalimide moiety (a ommon
uorophore). The absorption of 21 peaks at 455 nm in phosphate buer solution
(pH 8, 50 mM). The molar absorption oeient ε amounts to 6.0 · 103 L
mol·cm
whih is as low as the ε of label 2 (6.9 · 103 L
mol·cm
). Compound 21 exhibits a
yellow uoresene in aqueous solutions with an emission maximum at 536 nm.
The large Stokes' shift of 81 nm makes it easier to distinguish between the exiting
and emitting light whih is partiularly important to redue interferenes aused
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by bakground uoresene and sattered light. The normalized absorption and
emission spetra of probe 21 are shown in gure 3.8.
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Figure 3.8: Normalized absorption spetrum (A) versus normalized emission spe-
trum (B) of probe 21 in phosphate buer solution (pH 8, 50 mM)
3.1.5 Appliations of probe 21
In this setion the potential of ompound 21 as a apable uoresent PET-probe
for hydrogen peroxide is proven. Therefore, the uoresene response of the probe
in terms of various analyte onentrations, ranging from 10 µM to 1 mM, is
tested. Furthermore, probe 21 is ovalently attahed to a polymeri support (O-
(2-aminoethyl)-ellulose) to generate a sensor devie in the future.
PET-probe for sensing hydrogen peroxide
The ability of probe 21 for hydrogen peroxide detetion is tested in this setion.
Figure 3.9 illustrates the rst experiment in whih a dened onentration of the
analyte (H2O2 = 1 mM) is added to a solution of 21 (probe−21 = 10 µM) in phoshate
buer solution (pH 8, 10 mM) at 25
◦
C. Part (a) of gure 3.9 shows the emission
spetra of probe 21 and the inrease of the uoresene intensity within 30 minutes
after the addition of H2O2. Hene, the interation between the reeptor group (p-
anisidine moiety) and the analyte as well as the ability of ompound 21 to sens
H2O2 is proven. Part (b) of gure 3.9 shows a time ourse experiment larifying
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the time-dependent hange of the uoresene intensity. After the addition of H2O2
a linear inrease of the uoresene intensity (urve A) denotes the early stages
of the reation. This linear inrease ends at about 500 s (8 min) and the reation
stops after 1500 s (25 min) where the intensity does not rise anymore. Curve B
shows the growth of the signal of a blank sample ontaining only probe 21 in buer
solution. Hene, a ontinuously inrease of the uoresene intensity is observed.
This behavior of a blank sample is also monitored by Soh et al. for the DPPEA-
HC H2O2-probe [130℄. Additionally, the time ourse experiment illustrates that
photobleahing an be easily observed after 1500 s (25 min) and it ours both for
blank B and the sample A.
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Figure 3.9: (a) Emission spetra of probe 21 ( = 10 µM) with inrease of uores-
ene intensity after addition of H2O2 ( = 1 mM); (b) time ourse of uoresene
intensity at 25
◦
C in phoshate buer solution (pH 8, 10 mM): A after addition of
H2O2 ( = 1 mM) and B blank sample (exitation at 450 nm, emission at 530 nm)
The seond experiment deals with the development of an appropriate alibra-
tion urve for H2O2. Therefore, the uoresene intensity of probe 21 is measured
in the presene of various onentrations of H2O2 ranging from 10 µM to 1 mM.
The measurements are arried out in phosphate buer solution of pH 8 (10 mM)
guaranteeing the deprotonation of the amino group in a slightly alkaline medium.
Hene, the protonation of the reeptor an be exluded whih would otherwise
enhane the bakground signal of the analyte-free probe. The temperature is on-
stantly kept at 25
◦
C and the measurements of the dierent onentrations are
onduted after 30 minutes of reation time eah. A time delay assures a uores-
ent measurement at its maximum (depited in gure 3.9 part (b)) and therefore
a maximum of sensitivity. This is espeially important at low analyte onentra-
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tions. A feasible uoresent measurement an also be performed after 600 s (10
min). This time delay is more expedient for an analytial assay. Figure 3.10 shows
two alibration urves of probe 21 for hydrogen peroxide. They are established
by ve point alibrations of the relative uoresene intensity (
I
I0
). The onen-
trations of H2O2 amount to 10 µM, 20 µM, 50 µM, 250 µM or 500 µM and 1000
µM whereas the onentration of probe 21 is either 10 µM (urve A) or 5 µM
(urve B). The alibration urves rise exponentially and they are tted by Origin
with a oeient of determination (R
2
) of 0.9 eah. As an be seen in gure 3.10
probe 21 is appropriate for H2O2 sensing in the µM range. Additionally, the two
alibration urves A and B yield that a probe onentration of 10 µM should be
reommended for analytial appliations. In omparison to (probe−21) = 5 µM the
inrease of
I
I0
is muh higher and a hange of the uoresene intensity at (H2O2)
= 10 µM is not observed any longer at (probe−21) = 5 µM.
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Figure 3.10: Relative uoresene intensity (
I
I0
) of probe 21 (A: (probe−21) = 10
µM; B: (probe−21) = 5 µM) in the presene of H2O2 of various onentrations after
30 min
Covalent attahment to ellulose
Probe 21 is ovalently attahed to amino-modied ellulose in order to develop a
H2O2-sensor. This tagged polymer an be spread on a foil support e.g. polyester in
order to generate a sensor stripe [135℄. In ontinuous appliation like ow-through
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ells the probe is proteted from washing-o due to its ovalent attahment. In
this thesis only the attahment to a polymeri support is performed. Therefore,
probe 21-NHS (preparation desribed in 3.1.3) is added to an ethanoli suspen-
sion of O-(2-aminoethyl)-ellulose. The reation is arried out over night and the
labeled polymer is olleted by entrifugation. Several washing steps with ethanol
are neessary to remove the unbound probe. A blank sample is prepared simultane-
ously by ombining non-ativated probe with the amino-modied ellulose. After
the entrifugation/washing steps the blank sample shows almost no olor whereas
the probe-bound ellulose is strongly olored. The proedure is derived from la-
beling amino-modied silia partiles (see 2.2.3).
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Figure 3.11: Covalent attahment of probe 21-NHS to O-(2-aminoethyl)-ellulose
as polymeri support
3.1.6 Preparation of probe 26
The preparation of probe 26 is arried out in ve syntheti steps (see gure 3.12)
starting by the esteriation of ompound 3 (synthesis desribed in 2.2.4) with
ethanol to yield 22. Compound 23 is obtained by the substitution of the hloro
moiety of the ester treating it with monoethanolamine. The hydroxy group of
22 is replaed by a hloro moiety in order to generate an appropriate leaving
group (ompound 24). Therefore, 23 reats with triphenylphosphine and CCl4 in
aetonitrile. In the last step p-aminophenol whih is proteted as TMS-ether 25 is
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introdued yielding probe 26. The leavage of the proteting group ours during
the reation/puriation of the last step.
NO O
Cl
NO O
NH
HO
NO O
Cl
  3                                               22                    
                            23                                           
  24
NH2
OH
OH
NH2
HOOC 5 EtOOC 5
EtOH
EtOOC 5
PPh3
CCl4
NO O
NH
Cl
EtOOC 5
NO O
NH
EtOOC 5
OH
HN
O
NH2
Si
 25
 26
Figure 3.12: Syntheti pathway to probe 26
3.1.7 Properties of probe 26
Spetrosopi properties
The spetrosopi properties of probe 26 are, like those of 21 related to the VIS-
labels 2 and 5 (presented in setion 2.2). The absorption maximum of 26 peaks
at 439 nm and its emission maximum is settled at 543 nm (yellow uoresene)
in phosphate buer solution (pH 8, 50 mM). The molar absorption oeient
amounts to 5.8 · 10
3 L
mol·cm
) whih is almost idential to probe 21 (6.0 · 10
3 L
mol·cm
).
The large Stokes' shift of 26 (104 nm) failitates the separation of exiting and
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emitting light reduing the interferenes aused by bakground uoresene and
sattered light.
3.1.8 Appliations of probe 26
In this setion, the apability of ompound 26 as valuable uoresent PET-probe
for hydrogen peroxide is proven. Therefore, the uoresene response of the probe
depending on various analyte onentrations, ranging from 10 µM to 1 mM, is
tested.
PET-probe for sensing hydrogen peroxide
The ability of probe 26 for sensing H2O2 is tested in a likewise manner as of probe
21. In the rst experiment ompound 26 (probe−26 = 1 µM) solved in phosphate
buer solution (pH 8, 10 mM) is treated with hydrogen peroxide (H2O2 = 1 mM)
at a onstant temperature of 25
◦
C. Figure 3.13 shows the rise of the uoresene
intensity whithin 30 min (part (a)) and the inrease of the uoresene signal at
λem = 530 nm (λexc = 450 nm) depending on time (part (b)). This measurement
yields that after 20 minutes there is hardly any hange of the signal thus indiating
the end of the reation.
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Figure 3.13: (a) Emission spetra of probe 26 ( = 1 µM) and the inrease of
uoresene intensity after addition of H2O2 ( = 1 mM); (b) time-dependent
uoresene intensity in phosphate buer (pH 8, 10 mM) after the addition of
H2O2 ( = 1 mM) (exitation at 450 nm, emission at 530 nm)
The hallenge of the seond experiment is the development of a alibration
urve for H2O2. Fluoresene intensity of probe 26 is measured in the presene of
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various onentrations of H2O2 ranging from 10 µM to 1 mM in the same way as
desribed in setion 3.1.5 in phosphate buer solution (pH 7, 10 mM) and 25
◦
C.
After 30 minutes of reation time the probe is exited at 450 nm and emission
at 530 nm is measured. The time delay ensures a uoresent measurement at its
maximum (depited in gure 3.13 part (b)) as well as a maximum of sensitivity.
A feasible uoresent measurement an also be performed after 600 s (10 min)
likewise to probe 21 in terms of analytial appliations. Figure 3.14 illustrates
a four point alibration of the relative uoresene intensity (
I
I0
) for probe 26.
The onentrations of H2O2 are 10 µM, 20 µM, 100 µM and 1000 µM whereas
the onentration of probe 26 amouts 5 µM. The alibration urve rises exponen-
tially and is tted by Origin with a oeient of determination (R
2
) of 0.97. This
measurement was performed by Dominik Grögel within his PhD work.
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Figure 3.14: Relative uoresene intensity (
I
I0
) of probe 26 after 30 min ( = 5
µM) in presene of H2O2 at various onentrations.
3.1.9 Summary and evaluation of the H2O2 probes
The probes 21 and 26 are evaluated regarding the omplexity of their synthesis,
their spetral properties and their qualiation as probes for sensing hydrogen
peroxide. Additionally, the spetral properties of the probes are summerized in
table 3.2.
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Evaluation of probe 21
Probe 21 is based on the 1,8-napththalimide as highly photo- and hemoresistive
yellow daylight uorophore. The preparation is arried out in few syntheti steps
with good to exellent yields. The puriation of all steps is aomplished by rerys-
tallisation whih saves time and money ompared to olumn hromatography. The
emission maximum is omparable to that of uoresein, but the Stokes' shift is
onsiderably longer than that of uoresein (70 nm vs. 23 nm). Probe 21 an be
photoexited with blue or purple diode lasers whih have beome very attrative
light soures owing to their small size, longevity, and low power onsumption. One
drawbak is the low molar absorption of only 6.0 · 10
3 L
mol·cm
. This problem an be
solved by attahing probe 21 to a polymeri support (shown in 3.1.5) in order to
enhane the onentration of probe moleules and to develop a sensor devie. The
p-anisidine moiety emerges as a good reeptor for H2O2 in a PET-probe whih
diminish the uoresene intensity of the uorophore depending on the analyte
onentration. In summary, probe 21 is appropriate for H2O2 sensing in the µM
range, operating in the visible part of the eletromagneti spetrum and an be
ovalently attahed to polymeri supports.
Evaluation of probe 26
Probe 26 is derived from the same yellow daylight hromophore as probe 21.
Hene, the spetrosopi properties like photo- and hemostability, the loation
of the absorption and emission maxima as well as the molar absorption are om-
parable. The only deviation is a reeptor moiety in the form of a hydroxy group
instead of a methoxy group resulting in nearly the same sensitivity for H2O2. The
preparation of probe 26, however, requires ve to six (free aid) syntheti steps as
opposed to four steps of ompound 21. Espeially the introdution of the reeptor
group (p-aminophenol) is of low yield (only 6%) and requires a time-onsuming
puriation by olumn hromatography. Furthermore, a stok solution of probe
26 in DMSO an only be stored for a short periode of time (about 10 h) before it
will no longer respond to H2O2.
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Spetral properties of probes 21 and 26
ompound formula λabs (ε) λem
probe 21
NO O
O
NH
HN
OH
O
5
455 nm (6.0 · 10
3 L
mol·cm
) 536 nm
probe 26
NO O
OH
NH
HN
O
O
5
439 nm (5.8 · 10
3 L
mol·cm
) 543 nm
Table 3.2: Spetrosopi properties of probes 21 and 26
Chapter 4
Experimental Part
4.1 General Remarks
4.1.1 Reagents and Buers
Reagents
All reagents and solvents are supplied by Sigma-Aldrih (www.sigmaaldrih.om)
and Merk (www.merk.de). They are used without further puriation if not
stated. Deuterated solvents like dimethyl sulfoxide-d6 are obtained from Deutero
GmbH (www.deutero.de). Tetramethylsilane (TMS) is used as an external stan-
dard for NMR measurements.
Buers
Buers whih are prepared during this work.
1. Biarbonate Buer (BCB) of pH 8.3 or 8.4, 50 mM:
2.1 g of sodium hydrogenarbonate is dissolved in 500 mL of doubly distilled
water. A very small amount of sodium azide is added to avoid a fungus infest.
2. Phosphate Buer (PB) of pH 7.2, 100 mM:
17.8 g of Na2HPO4 · 2 H2O is dissolved in 1000 mL of doubly distilled water.
A very small amount of sodium azide is added to avoid a fungus infest.
3. Phosphate Buer (PB) of pH 7.0 or 8.0, 10 mM:
1.78 g of Na2HPO4 · 2 H2O is dissolved in 1000 mL of doubly distilled water.
A very small amount of sodium azide is added to avoid a fungus infest.
The nal pH value is adjusted with 0.1 N HCl and 0.1 N NaOH solution [136℄.
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4.1.2 Chromatography
Thin-layer (TLC) and liquid hromatography (LC)
TLC is used to monitor the progress of the syntheses as well as for overoming
various separation problems, thus silia gel 60 F254 aluminium sheets are pur-
hased from Merk. Column hromatography is performed for purifying organi
ompounds using silia gel 60 provided by Merk, too. The dimension of the ol-
umn are:
length: from 36 m to 66 m
diameter: 3.5 m
Size-exlusion hromatography (SEC)
The onjugates (tagged proteins and partiles) are puried by SEC using Sephadex
G-25 or Sephadex LH-20 purhased from Pharmaia AB Biotehnology. The length
of the olumn is 23 m with a diameter of 2.6 m. Phosphate buer solution
(Sephadex G-25) or ethanol (Sephadex LH-20) serves as eluents.
Capillary eletrophoresis CE
A self-made system equipped with a HCN 35-35000 power supply (www.fug-
elektronik.de) is used for apillary eletrophoresis along a uoresene detetor
(Argos 250B, from Flux Instruments, Pfaenhofen a.d. Glonn, Germany). 50 µm
fused silia apillaries are obtained from Polymiro (www.polymiro.om).
Mirohip apillary eletrophoresis MCE
Mirohip eletrophoresis is performed on a mirosope-based instrument as de-
sribed in [137℄ with the exeption that all data are aquired and proessed using
an INT-9 analog-to-digital onverter along with Clarity Chromatography Station
software (www.dataapex.om). The Borooat
TM
mirohips are obtained from Mi-
ronit (www.mironit.om).
High-Performane Liquid Chromatography HPLC
All HPLC studies are performed at room temperature, using a Kontron 422 sol-
vent pump and a Kontron 432 UV detetor set at 406 nm. Chromatographi reten-
tion data are reorded with Kontron Data software (420-MT2, version 3.90, 1992,
www.kontron.de). Sample introdution is undertaken manually with a 20 µL loop.
All experiments are performed with ow rates of 1 mL/min and a mobile phase
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omposed of aetonitrile and water 90:10 (v/v). Additionally, TFA is added to the
mobile phase (0.1 %, v/v). A LiChrospher 100 CH-18/2 analytial olumn is used
as stationary phase.
4.1.3 Spetrosopy
1
H-NMR and
13
C-NMR spetra are aquired on an Advane 300 spetrometer
(www.bruker-biospin.om). Absorption spetra are reorded on either a Cary 50
Biospetrophotometer (www.variani.om) or a Jaso V-650 (www.jaso.o.uk).
Emission spetra are measured using a Jaso FP-6200 spetrouorometer or an
Amino Bowman luminesene spetrometer (www.polyte.de). A PDL 800-B pi-
oseond pulsed diode laser (λem = 375 nm) from PioQuant (www.pioquant.om)
is used for laser exitation. Mass spetra are olleted on either a ThermoQuest
Finnigan TSQ 7000 for eletrospray ionisation (www.thermo.om) or a LCMS-2010
(www.shimadzu.om) with a self-made nanospray ionisation probe using graphite
oated nanospray needles (www.proxeon.om). High resolution Mass Spetra as
well as the MALDI-TOF are measured using the Central Analytial Department
at the University of Regensburg, Germany. Attenuated total reetion (ATR) IR
spetrosopy is arried out on a Exalibur FTS 3000 spetrometer (from Biorad;
www.bio-rad.om), equipped with a Golden Gate Diamond Single Reetion ATR-
System (from Spea: www.spea.om).
4.1.4 Determination of the molar absorption oeients
and quantum yields
The quality of a uorophore (olor strength and brightness) depends on both molar
absorption and on quantum yield [5℄. Hene, the determination of these spetral
parameters is essential for the haraterisation of new dyes and labels.
Molar absorption oeient
The molar absorption oeient ε(λ) is derived from Lambert-Beer law (see
equation 4.1).
A = ε(λ) · c · d (4.1)
This law is only valid if the onentration  (
mol
L
) of the analyte is very low.
The determination of ε(λ) requires very pure and dry ompounds of exat quan-
tities dissolved in appropriate solvents (mainly double destilled water) for a stok
solution. Three dierent onentrations are prepared to minimize the error of mea-
surement. This method is alled "dry weight determination" aording to Hong
et al. [138, 139℄.
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Quantum yield
The quantum yield (QY) is the emission eenieny of a given uorophore and
dened by equation 4.2 [140℄:
QY =
photons emitted
photons absorbed
(4.2)
It is measured relatively to a referene whih is a uorophore of known quan-
tum yield. The referene for labels and probes based on the 1,8-naphthalimide is
oumarin 6, that for the red or the blue phenoxazine is Nile Red or Nile Blue
respetively. The QY is determined using equation 4.3 [141, 142℄:
φF = φRef ·
ARef · IF · n
2
F
AF · IRef · n
2
Ref
(4.3)
Abbreviations
φF = unknown quantum yield of the uorophore
φRef = quantum yield of the referene
AF = absorbane of the uorophore at the exitation wavelength
ARef = absorbane of the referene at the exitation wavelength
IF = area under the orreted emission spetra of the uorophore
IRef = area under the orreted emission spetra of the referene
nF/Ref = refrative indies of the solvents of the uorophore/referene
4.2 Synthesis and Appliation
4.2.1 Synthesis of label 2
Preparation of 6-(6-amino-1,3-dioxo-1H,3H-benzo[de℄isoquinolin-2-yl)-
hexanoi aid (1)
4-Amino-1,8-naphthali anhydride (50 mg, 0.23 mmol) and 6-amino aproi aid
(31 mg, 0.23 mmol) are dissolved in 10 mL of dry dimethylformamide. N,N-
diisopropyl-ethylamine (0.08 mL, 0.46 mmol) is added as base, and Zn(OA)2
is used in atalyti quantity (5 mg). Water is exluded by adding a 4-Å moleular
sieve. The reation mixture is kept at 90
◦
C for 48 h. The solvent is evaporated,
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NO O
HOOC
NH2
5
NH2
O O
HOOC
NH2
5
O
1
Mol. Wt.: 131,17 Mol. Wt.: 326,35
Zn(OAc)2
48 h
90°C
DMF
Mol. Wt.: 213,19
Figure 4.1: Preparation of ompound 1
and the rude yellow ompound 1 is puried by olumn hromatography (silia gel
60/ethyl aetate) to yield a yellow solid (62 mg, 62%; see gure 4.1). PI
·
-EI
·
-MS:
[M
+·
℄ (alulated): 325.1267 Da; [M
+·
℄ (found): 325.1260;
1
H-NMR (DMSO-d6):
δ= 8.60 (d, 1 H), 8.42 (d, 1 H), 8.18 (d, 1 H), 7.65 (m, 1 H), 7.44 (s, 2 H), 6.84 (d, 1
H), 3.98 (t, 2 H), 2.2 (t, 2H), 1.7-1.5 (m, 4 H), 1.4-1.23 (m, 2H). IR (ATR-System):
ν = 3412 m−1, 3362 m−1, 3255 m−1, 2927 m−1, 2825 m−1, 1660 m−1, 1629
m
−1
, 1569 m
−1
, 1530 m
−1
, 1377 m
−1
. m.p: 209 - 210
◦
C.
In-situ preparation of 6-(6-amino-1,3-dioxo-1H,3H-benzo[de℄isoquinolin
2-yl)-hexanoi aid 2,5-dioxo-pyrrolidin-1-yl ester (2)
NO O
HOOC
NH2
5
1
Mol. Wt.: 326,35
NO O
NH2
5
2
DCC
NHS
r.t.
18 h
DMSO
O
O
N
O
O
Mol. Wt.: 423,42
Figure 4.2: Preparation of ompound 2
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1 mg (3 µmol) of ompound 1, 0.53 mg (4.5 µmol) of NHS and 0.95 mg (4.5
µmol) of DCC are dissolved in 200 µL of dry DMSO. The mixture is stirred for 18
h at room temperature and is used for labeling without further puriation. Thin
layer hromatography (silia gel 60; ethyl aetate and ethanol, 9/1) is applied to
monitor the formation of the NHS-ester over time (see gure 4.2).
4.2.2 Labeling experiments with label 2
Labeling of amino aids
1 mg of L-lysine, L-serine, L-glyine, L-glutami aid, L-asparti aid are dissolved
in 1 mL of biarbonate buer (pH 8.4, 50 mM) and ooled down to 4
◦
C. 4 µL of
ativated dye is added to eah 45 µL of analyte solution and stirred for 1 h at room
temperature. The reation progress is heked by thin layer hromatography (silia
gel 60, ethyl aetate and ethanol: 9/1). All solutions are shortly entrifuged to
remove partiles (see 4.2.3) before being diluted to lower onentrations suitable
to eletrophoresis.
Labeling of BSA
5 mg of bovine serum albumin is dissolved in 1 mL of a 50 mM biarbonate buer
solution of pH 8.4. Then, 5 µL of the label 2 is added. The mixture is stirred for
12 - 15 h. Puriation and separation, respetively is arried out both on MCE
and SEC (see 4.2.3). The MALDI-TOF mass spetrum (using sinapi aid as the
matrix) shows a broad peak between 66,260 Da and 67,600 Da, with a maximum
at 66,790 Da. Obviously peak broadening is the result of multiple labeling of BSA
by label 2.
Labeling of amino-modied silia nanopartiles
Silia nanopowder (amorphous-SiO2) is purhased by Nanostruture & Amorphous
Materials In. (www.nanoamor.om) and used as reeived. 1 g of the silia powder
is dispersed in 100 mL of toluene by soniation and stirring. The solution is
heated to reux thus 1 mL aminopropyltriethoxysilane (APTES) is added drop-
wise. Reuxation is ontinued for 5 h. Afterwards, the partiles are olleted by
entrifugation (6000 rpm, 10 min.), washed with ethanol (3 times) and dried at
50
◦
C. Dye 1 (2.6 mg, 8.1 µmol, 1 eq.), DCC (3.3 mg, 16.2 µmol, 2 eq.) and NHS
(1.9 mg, 16.2 µmol, 2 eq.) are stirred in 100 µL DMSO over night. 5 mg of the
amino-modied silia nanopartiles are suspended in 1 mL of ethanol and 5 µL of
the label is added. The reation is arried out over night and the labeled partiles
are olleted by entrifugation (6000 rpm, 10 min.) and washed with ethanol (3
times). In parallel a blank sample is prepared by ombining 5 mg of unmodied
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silia nanopartiles with 5 µL of mixture with the ativated uorophore (follow-
ing the same protool). After the entrifugation/washing steps the blank sample
shows almost no olor whereas the amino-labeled partiles are intensively olored.
4.2.3 Label 2-analyte onjugate in separation experiments
Separation of labeled amino aids by CE
The labeled amino aids are introdued in a 64 m (∅ = 50 µm) long fused silia
apillary by eletrokineti injetion (7 s, 5 kV, 10 µA). Separation (25 kV, 68 µA)
is performed in phosphate buer (pH 7, 50 mM) as it provides the best separation
eieny for the test mixture. Peak assignments are performed using the standard
addition proedure. The detetor ontains a standard lter set whih is originally
developed for uoresein tagged probes (λexc = 450 - 480 nm, λem > 495 nm).
Separation of labeled BSA by MCE
The Borooat
TM
mirohips with a standard ross layout are of the following
dimensions: injetion hannel 8 mm, separation hannel 85 mm, height 30 µm,
width 50 µm. Conditioning of the hip is performed by rinsing for 3 min with
1 M NaOH and 1 min with water before the introdution of separation buer
whih ontains 0.01% (w/w) hydroxypropyl methylellulose (HPMC) as dynami
oating. Pinhed injetion is applied for 35 s. When sampling BSA solutions and
separating it from free label, the eletrial potentials are applied in the following
order: sample inlet (A), buer inlet (B), sample outlet (C), buer outlet (D). The
injetion potentials are 493 (A), 500 (B), 0 (C) and 1330 (D) V, and the potentials
for the separation are 1.6 (A), 2.0 (B), 1.5 (C) and 0 (D) kV (see gure 4.3).
Figure 4.3: (left) Standard ross layout of borooat mirohips ontaining dye 1;
(right) Shemati view of the mirohip with four ports (A, B, C, D)
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Separation of labeled BSA by SEC
The onjugate is separated from the untagged protein as well as from the non-
reated label using Sepadex G-25 as stationary phase and phosphate buer solution
(pH 7.2, 50 mM) as the eluent. The extrat of the dye-protein onjugate has a
yellow olor.
4.2.4 Synthesis of label 5
Preparation of 6-(6-Chloro-1,3-dioxo-1H,3H-benzo[de℄isoquinolin-2-yl)-
hexanoi aid (3)
NO O
HOOC
Cl
5
NH2
O O
HOOC
Cl
5
O
3
Mol. Wt.: 131,17 Mol. Wt.: 345,48
Zn(OAc)2
18 h - r.t.
1 h - 80°C
DMF
Mol. Wt.: 232,62
Figure 4.4: Preparation of ompound 3
A yellow suspension of 2.5 g (0.01 mol) 4-hloro-1,8-naphthali anhydride and
1.7 g (0.01 mol) of 6-aminoaproi aid in 70 mL DMF is stirred at r.t. for 18
hours and then heated to 80
◦
C for 1 hour. Zin aetate is added as a atalyst.
The reation mixture is then poured into 350 mL of water and the resulting pale
yellow preipitate is ltered o and washed with old water. The rude produt is
dissolved in 100 mL of boiling ethanol and ltered hot. The ltrate is left to ool
down to room temperature over night [143,144℄. The yellow rystals are ltered o
and washed with old ethanol. The wet produt 3 is dried in vauum (see gure
4.4). Yield: 2.5 g (72 %, yellow rystalls); m.p.: 140
◦
C;
1
H-NMR (DMSO-d6):
δ = 8.6 - 7.5 (m, 5 H), 4.0 (t, 2H), 2.2 (t, 2 H), 1.7 - 1.25 (m, 6 H); 13C-NMR
(DMSO-d6): δ = 174.3, 162.7, 162.4, 137.2, 131.3, 130.6, 129.7, 128.3, 128.1, 128.0,
127.4, 122.4, 121.1, 39.5, 33.4, 27.0, 25.9, 24.1; elementary analysis (alaulated):
C 62.52 %, H 4.66 %, N 4.05 % (found): C 62.28 %, H 4.61 %, N 3.89 %.
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Preparation of 1,3-Dioxo-6-piperidin-1-yl-1H,3H-benzo[de℄isoquinolin-
2-yl)-hexaoni aid (4)
2 g of 3 (0.0058 mol) and 0.85 mL (0.0086 mol) of piperidine are dissolved in 40 mL
of DMF and heated to 90
◦
C for 18 hours. 0.9 g of K2CO3 is added as base. The
mixture is ltered and poured into 150 mL of water. The solution is aidied to
pH 6 and the rude produt preipitated. It is ltered o and washed three times
(50 mL) with old water. The wet produt is dried over silia gel and puried
by rerystallisation in ethanol (see gure 4.5) [145℄. Yield: 1.6 g (69 %, yellow
rystals) m.p.: 169
◦
C - 170
◦
C;
1
H-NMR (CDCl3): δ = 8.56 (dd, 1 H), 8.49 (d, 1
H), 8.38 (dd, 1 H), 7.67 (m, 1 H), 7.17 (d, 1 H), 4.13 (t, 2H), 3.22 (dd, 4 H), 2.36
(t, 2 H), 1.93 - 1.83 (m, 4 H), 1.81 - 1.64 (m, 6 H), 1.55 - 1.41 (m, 2 H);
13
C-NMR
(CDCl3): δ = 178.9, 164.6, 164.1, 157.3, 132.7, 131.1, 130.6, 129.9, 126.3, 125.4,
123.1, 115.9, 114.7, 54.6, 39.9, 33.8, 27.8, 26.6, 26.2, 24.4, 24.3; elementary analysis
(alaulated): C 70.03 %, H 6.64 %, N 7.10 % (found): C 70.04 %, H 7.00 %, N
7.08 %.
NO O
HOOC
Cl
5
3
Mol. Wt.: 345,48
NO O
HOOC
N
5
4
Mol. Wt.: 394,46
N
H
Mol. Wt.: 85,15
K2CO3
90°C
18 h
DMF
Figure 4.5: Preparation of ompound 4
In-situ preparation of 6-(1,3-Dioxo-6-piperidin-1-yl-1H,3H-benzo[de℄
isoquinolin-2-yl)-hexanoi aid 2,5-dioxo-pyrrolidin-1-yl ester (5)
2 mg (4 µmol) of ompound 4, 0.7 mg (6 µmol) of NHS and 1.2 mg (6 µmol) of
DCC are dissolved in 400 µL of dry DMSO. The mixture is stirred for 18 h at
room temperature and used for labeling without further puriation. Thin layer
hromatography (silia gel 60; ethyl aetate) is applied for monitoring NHS-ester
formation (see gure 4.6).
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NO O
HOOC
N
5
4
Mol. Wt.: 394,46
NO O
N
5
5
DCC
NHS
r.t.
18 h
DMSO
O
O
N
O
O
Mol. Wt.: 491,54
Figure 4.6: Preparation of ompound 5
4.2.5 Labeling experiments with label 5
Labeling of amino aids
1 mg of L-glyine and L-asparti aid are dissolved in 1 mL of biarbonate buer
(pH 8.4, 50 mM) and ooled down to 4
◦
C. 5 µL of the ativated dye is added to eah
200 µL of analyte solution and stirred for 18 h at room temperature. The reation
progress is observed by thin layer hromatography (silia gel 60, butanol/aeti
aid: 95/5). The solutions are entrifuged shortly to remove partiles before HPLC
separation (see 4.2.6).
Labeling of BSA
5 mg of bovine serum albumin is dissolved in 1 mL of a 50 mM biarbonate buer
solution of pH 8.4. Then, 5 µL of label 5 is added. The mixture is stirred for 12 -
15 h. SEC is used for the puriation and separation of the dye-protein onjugate
(see 4.2.6).
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4.2.6 Label 5-analyte onjugate in separation experiments
Separation of labeled amino aids by HPLC
50 µL of the labeled glyine and the labeled asparti aid, respetively, are diluted
with 200 µL of aetonitrile/water (90/10, v/v) and ltered before being introdued
to the HPLC system. A blank sample of dye 4 is measured in order to ollet the
retention time of the non-reated and hydrolyzed label. It is prepared in the same
manner as label 5 but without any ativation steps. All separations are arried
out by an isorati mode using aetonitrile/water (90/10, v/v) with 0.1 % TFA
(v/v) as mobile phase. The UV detetor is set at 406 nm whih is the absorption
maximum of dye 4 in water.
Separation of labeled BSA by SEC
The dye-protein onjugate is separated from the untagged protein as well as from
the unreated label using Sepadex G-25 as stationary phase and phosphate buer
solution (pH 7.2, 50 mM) as the eluent. The extrat of the dye-protein onjugate
possesses a yellow olor.
4.2.7 Synthesis of label 9
6-(3,5-Dihydroxyphenoxy)-hexanoi aid ethyl ester (6)
HO
OH
OH
Br
O
O HO
O
OH
O
O
5
5
 6
Mol. Wt.: 126,11
K2CO3
r.t.
2 d
DMF
Mol. Wt.: 268,31Mol. Wt.: 223,11
Figure 4.7: Preparation of ompound 6
A mixture of 0.5 g (3.96 mmol) phlorogluinol, 0.7 mL (3.06 mmol) of ethyl-
bromohexanoate and 1.1 g (7.9 mmol) of potassium arbonate are stirred in
dimethylformamide (20 mL) at room temperature for two days [146℄. The mix-
ture is diluted with 150 mL of water and aidied with H2SO4 to pH 3 [147℄.
The reation mixture is extrated three times with ethyl aetate. The ombined
organi layers are dried with sodium sulfate. The solvent is evaporated and 6 is
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puried by olumn hromatography (silia gel 60; diethyl ether/petroleum ether:
1/1) to yield a olorless oil (0.32 g, 30 %, see gure 4.7); Rf (silia gel 60; diethyl
ether/petroleum ether: 90/10): 0.5;
1
H-NMR (CDCl3): δ = 7.0 (s, 2 H), 6.0 (m,
1 H), 5.95 (m, 2 H), 4.12 (q, 2 H,
3
J(H,H) = 7.13 Hz), 3.72 (t, 2 H,
3
J(H,H) =
6.31 Hz), 2.3 (t, 2 H,
3
J(H,H) = 7.41 Hz), 1.75-1.5 (m, 4 H), 1.41-1.29 (m, 2 H),
1.25 (t, 3 H,
3
J(H,H) = 7.13 Hz);
13
C-NMR (CDCl3): δ = 174.19, 159.89 (1C),
156.49, 94.89, 93.85, 66.70, 59.92, 33.25, 27.61, 24.39, 23.53, 13.07; IR (ATR): ν
= 3349 m
−1
, 2987 m
−1
, 2941 m
−1
, 2874 m
−1
, 1697 m
−1
, 1599 m
−1
, 1506
m
−1
, 1473 m
−1
, 1416 m
−1
, 1376 m
−1
; HR-MS (EI
·
-MS): [M
+·
℄ (alulated):
268.1311, [M
+·
℄ (found): 268.13086.
6-(7-Dimethylamino-3-oxo-3H-phenoxazin-1-yloxy)-hexanoi aid ethyl
ester (7)
HO
O
OH
O
O
5
Me2N
NO
HClO4
Me2N
N
O O
O
O
O
5
 6
 7
Mol. Wt.: 150,18Mol. Wt.: 268,31
EtOH
70°C
4 h
Mol. Wt.: 498.91
2 3
HClO4 Me2N
NH2
2
Figure 4.8: Preparation of ompound 7
Compound 6 (0.32 g; 1.19 mmol) and 4-nitroso-N,N-dimetylaniline (0.27 g; 1.79
mmol) are dissolved in ethanol. 0.15 mL (1.79 mmol) of perhlori aid is added
and the mixture is heated to 70
◦
C for 4 hours. After 4 hours the hot mixture is
lter and remains at room temperature over night for rystallization. The produt
is yielded as violet rystals (0.20 g, 33 %, see gure 4.8); Rf (silia gel 60; ethyl
aetate): 0.46; mp.: 138
◦
C;
1
H-NMR (DMSO-d6): δ = 7.84 (d, 1 H,
3
J(H,H) =
9.60 Hz), 7.5 (dd, 1 H,
3
J(H,H) = 2.74 Hz, 9.60), 7.05 (d, 1 H,
3
J(H,H) = 2.74
Hz), 6.53 (d, 1 H,
3
J(H,H)=2.19 Hz), 6.49 (d, 1 H,
3
J(H,H)=2.19 Hz), 4.16 (t, 2
H,
3
J(H,H)=6.31 Hz), 4.04 (q, 2 H,
3
J(H,H) = 7.13 Hz), 3.4 (s, 6 H), 2.3 (t, 2 H,
3
J(H,H) = 7.41 Hz), 1.92-1.72 (m, 2 H), 1.70-1.54 (m, 2 H), 1.52-1.38 (m, 2 H), 1.17
(t, 3 H,
3
J(H,H) = 7.13 Hz);
13
C-NMR (CDCl3): 185.84, 173.55, 158.07, 153.76,
149.53, 146.85, 137.1, 132.18, 125.19, 110.09, 107.02, 103.36, 96.37, 69.11, 60.29,
40.4, 34.2, 28.07, 25.51, 24.68, 14.26; IR (ATR): ν = 3160 m−1, 3091 m−1, 2944
m
−1
, 1710 m
−1
, 1643 m
−1
, 1602 m
−1
, 1566 m
−1
, 1536 m
−1
, 1507 m
−1
, 1480
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m
−1
; EI
·
-MS: [M
+·
℄ (alulated): 398.1842 Da; EI
·
-MS: [M
+·
℄ (found): 398.1843
Da.
6-(7-Dimethylamino-3-oxo-3H-phenoxazin-1-yloxy)- hexanoi aid (8)
Me2N
N
O O
O
O
O
5
Me2N
N
O O
O
OH
O
5
 7  8
water, H+
Mol. Wt.: 498.91 Mol. Wt.: 470,86
60°C
18 h
HClO4 HClO4
Figure 4.9: Preparation of ompound 8
Compound 7 (0.14 g; 0.28 mmol) is dissolved in 10 mL of aetone and diluted
with 20 mL of water. Perhlori aid is added in atalyti quantities and the
reation mixture is heated to 60
◦
C for 18 hours. Produt 8 rystallizes after ooling
to room temperature yielding a violet produt (0.1 g, 75 %). Rf (silia gel 60;
ethanol): 0.26;
1
H-NMR (MeOD): δ = 7.89 (d, 1 H,3J(H,H )= 9.88 Hz), 7.5 (dd,
1 H,
3
J(H,H) = 2.74 Hz), 7.0 (d, 1 H,
3
J(H,H) = 2.74 Hz, 9.88 Hz), 6.52 (m, 2 H),
4.22 (t, 2 H,
3
J(H,H) = 6.58 Hz), 3.47 (s, 6 H), 2.36 (t, 2 H,
3
J(H,H) = 7.13 Hz),
2.03-1.9 (m, 2 H), 1.8-1,67 (m, 2 H), 1.66-1.5 (m, 2H); IR (ATR): ν = 3100 m−1,
2957 m
−1
, 2872 m
−1
, 1731 m
−1
, 1650 m
−1
, 1609 m
−1
, 1578 m
−1
, 1547 m
−1
;
EI
·
-MS: [M
+·
℄ (alulated): 371.1529 Da; EI
·
-MS: [M
+·
℄ (found): 371.1518 Da.
In-situ preparation of 6-(7-Dimethylamino-3-oxo-3H-phenoxazin-1-
yloxy)-hexanoi aid 2,5 dioxo-pyrrolidin-1-yl ester (9)
1 mg (2.1 µmol) of free aid 8, 0.6 mg (5.3 µmol) of NHS and 1.1 mg (5.3 µmol)
of DCC are dissolved in 100 µL of dry DMSO. Triethylamine is added as a base
in slight exess and the mixture is stirred for 18 h at room temperature. Thin
layer hromatography (TLC) is used to monitor the formation of the NHS-ester
(see gure 4.10). The solution is then used without further puriation for labeling
purposes.
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Me2N
N
O O
O
OH
O
5
Me2N
N
O O
O
O
O
5 N
O
O
NHS
DCC
NEt3
 8  9
r.t.
18°C
DMSO
Mol. Wt.: 470,86 Mol. Wt.: 467,47
HClO4
Figure 4.10: Preparation of ompound 9
4.2.8 Labeling experiments with label 9
Labeling of bradykinin
1 mg bradykinin is dissolved in 1 mL of biarbonate buer (50 mM, pH 8,4) and
ooled to 4
◦
C. 5 µL of the ativated dye is added to 45 µL of analyte solution and
stirred over night at room temperature. The reation progress is observed by thin
layer hromatography (silia gel 60, EtA/EtOH 9:1).
Labeling of BSA
5 mg of BSA is dissolved in 1 mL of a 50 mM biarbonate buer solution of pH 8.4.
Then, 5 µL of label 9 ( = 0.021 M) is added. The mixture is stirred for 12 - 15 h
at room temperature. The labeled protein is puried by size exlusion hromatog-
raphy on Sephadex G-25 (50 mM phosphate buer, pH 7.3). The MALDI-TOF
mass spetrum of the purple phenoxazine (using sinapi aid as the matrix) with
BSA shows a broad peak between 66,100 Da and 69,000 Da, with a maximum at
67,100 Da.
Methods for labeling the silia nanopartiles (SiNPs)
Method A: Silia nanopowder (amorphous-SiO2) an be purhased by Nanostru-
ture & Amorphous Materials In. (www.nanoamor.om) and used without further
treatment. 1 g of the silia powder is dispersed in 100 mL of toluene by soniation
and stirring. The solution is heated to reux before 1 mL aminopropyltriethoxysi-
lane (APTES) is added dropwise and reuxed for another 5 h. Afterwards, the
partiles are olleted by entrifugation (6000 rpm, 10 min.), washed with ethanol
(3 times) and dried at 50
◦
C. The purple dye 8 (3 mg, 8.1 µmol, 1 eq.), DCC (3.3
mg, 16.2 µmol, 2 eq.) and NHS (1.9 mg, 16.2 µmol, 2 eq.) are stirred in 100
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µL of DMSO over night. 5 mg of the amino-modied silia nanopartiles are sus-
pended in 1 mL of ethanol. 5 µL of the label are added and the solution is stirred
over night. The amino-labeled partiles are one more olleted by entrifugation
(6000 rpm, 10 min) and washed with ethanol (3 times). In parallel a blank sam-
ple is prepared by ombining 5 mg of unmodied silia nanopartiles with 5 µL
of the mixture with the ativated uorophore using the same protool. After the
entrifugation/washing steps the blank sample possesses almost no olor whereas
the amino-labeled partiles are strongly olored.
Method B: Silia nanopartiles are prepared by the Stöber method: A mixture
of 50 mL of ethanol, 1 mL of distilled water, and 1 mL of ammonia solution (25 %
in water) is heated to 40
◦
C. Tetraethylorthosiliate (TEOS, 1.5 mL, 6.73 mmol)
is added and the solution is slowly stirred for 3 h at 40
◦
C. Further TEOS (1.0
mL, 4.48 mmol) is added and the stirring is ontinued for another 3 h. In parallel,
a dye-silane oniugate is prepared. Therefore, the purple dye 8 (3 mg, 8.1 µmol,
1 eq.), DCC (3.3 mg, 16.2 µmol, 2 eq.) and NHS (1.9 mg, 16.2 µmol, 2 eq.)
are stirred in 100 µL DMSO over night in order to obtain the purple label 9. A
solution of aminopropyltriethoxysilane (APTES; 1.9 µL, 8.1 µmol, 1 eq.) in 50
µL of ethanol is added and the mixture is stirred over night. The SiNPs and the
dye-silane onjugate are used without further puriation. 1 mL of the alosol
ontaining partiles are diluted with 1 mL of ethanol and 10 µL of the dye-silane
onjugate mixture is added. The uoresent SiNPs are puried by size exlusion
hromatography on a olumn (∅ 3 m, height 14 m) ontaining Sephadex LH-20
(from GE Healthare; www.gehealthare.om) using ethanol as the eluent. The
uorophore-modied partiles are obtained by olleting the olored fration that
rst leaves the olumn. The seond olored band that moves muh slower ontains
the unreated reagents and is disarded.
4.2.9 Label 9-analyte onjugate in separation experiments
Separation of labeled bradykinin by MCE
The Borooat
TM
mirohips with a standard ross layout have the following di-
mensions: injetion hannel 8 mm, separation hannel 85 mm, height 30 µm, width
50 µm. The hip is onditioned by ushing it 3 min with 1 M NaOH and 1 min
with water before lling it with separation buer (50 mM phosphate buer, pH
7.2). Pinhed injetion is applied for 35 s. When sampling bradykinin solution and
separating it from free label, the eletrial potentials are applied in the following
order: sample inlet (A), buer inlet (B), sample outlet (C), buer outlet (D). The
injetion potential are 750 (A), 680 (B), 0 (C) and 2330 (D) V, and the potentials
for the separation are 2243 (A), 2645 (B), 2198 (C) and 0 (D) V (same as for label
2-BSA onjugate, see gure 4.3).
CHAPTER 4. EXPERIMENTAL PART 74
Separation of labeled BSA by SEC
The puriation of the labeled protein is arried out by size exlusion hromatog-
raphy using Sepadex G-25 as stationary phase and phosphate buer (pH 7.2, 50
mM) solution as the eluent. The extrat of the dye-protein onjugate has a purple
olor and leaves the olumn rst.
4.2.10 Synthesis of labels 14a/b
5-Piperidin-1-yl-benzene-1,3-diol (10)
HO
OH
NHO
OH
OH NH
 10
Mol. Wt.: 85,15Mol. Wt.: 126,11
THF
r.t.
3 h
Mol. Wt.: 193,24
Figure 4.11: Preparation of ompound 10
Compound 10 (see gure 4.11) is prepared aording to the method desribed
in a patent [99℄. Phlorogluinol (1 g; 8 mmol) is dissolved in 20 mL of THF and
0.785 mL (8 mmol) of piperidine is added. The reation mixture is stirred for 3
h at room temperature. The solvent is evaporated and the produt is puried by
rerystallization in ethanol/water (ratio: 1/1). The produt is obtained as pink
rystals (0.6 g, 39%); mp: 194
◦
C (same as in literature);
1
H-NMR (DMSO-d6): δ
= 8.85 (s, 2 H), 5.75 (d, 2 H,
3
J(H,H) = 1.92 Hz), 5.65 (t, 1 H,
3
J(H,H) = 1.92 Hz),
3.0 (m, 4 H), 1.6-1.4 (m, 6 H);
13
C-NMR (DMSO-d6): δ = 158.59, 153.33, 94.32,
93.62, 49.37, 25.08, 23.94; IR (ATR): ν = 3235 m−1, 2963 m−1, 2958 m−1,
2858 m
−1
, 1604 m
−1
, 1509 m
−1
, 1437 m
−1
, 1380 m
−1
, +p-ESI-MS: [MH
+
℄
(alulated): 194.1, +p-ESI-MS: [MH
+
℄ (found): 194.3.
6-(3-Hydroxy-5-piperidin-1-yl-phenoxy)-hexanoi aid ethyl ester (11)
A mixture of 0.5 g (2.59 mmol) of ompound 10, 0.46 mL (2.59 mmol) of ethyl-
bromohexanoate and 1.1 g (7.9 mmol) of potassium arbonate are stirred in
dimethylformamide at room temperature for two days (see gure 4.12). The mix-
ture is ltered and the solvent is evaporated. The rude produt is puried by
olumn hromatography (silia gel 60; diethyl ether/petroleum ether: 60/40) to
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Mol. Wt.: 193,24
HO
OH
N
Br
O
O HO
O
N
O
O
5
5
 10
 11
Mol. Wt.: 223,11 Mol. Wt.: 335,44
K2CO3
r.t.
2 d
DMF
Figure 4.12: Preparation of ompound 11
yield a olorless oil (0.27 g, 31%); Rf (silia gel 60; diethyl ether/petroleum ether:
70/30): 0.65;
1
H-NMR (CDCl3): δ = 6.05 (m, 1 H), 6.0 (m, 1 H), 5.87 (m, 1 H),
4.13 (q, 2 H,
3
J(H,H) = 7.13 Hz ), 3.81 (t, 2 H,
3
J(H,H) = 6.58 Hz), 3.05 (t, 4 H,
3
J(H,H) = 5.21 Hz), 2.31 (t, 2 H,
3
J(H,H) = 7.41 Hz), 1.8-1.37 (m, 12 H), 1.24
(t, 3 H,
3
J(H,H) = 7.13 Hz);
13
C-NMR (CDCl3): 173.08, 159.84, 156.65, 152.81,
95.84, 95.04, 92.37, 66.44, 59.40, 49.67, 33.26, 27.90, 24.60, 24.45, 23.67, 23.26; IR
(ATR): ν = 3406 m−1, 2935 m−1, 2858 m−1, 2808 m−1, 1733 m−1, 1591 m−1,
1503 m
−1
, 1452 m
−1
.
[9-(5-Ethoxyarbonylpentyloxy)-7-piperidin-1-yl-phenoxazin-3-ylidne℄
-dimethyl-ammonium perhlorate (12a)
HO
O
N
O
O
5
Me2N
NO
HClO4
Me2N
N
O N
O
O
O
5
 11
 12a
Mol. Wt.: 150,18Mol. Wt.: 335,44
EtOH
70°C
4 h
Mol. Wt.: 566,04
ClO4 Me2N
NH2
2 23
Figure 4.13: Preparation of ompound 12a
Compound 11 (0.2 g; 0.6 mmol) and 0.15 g (0.9 mmol) of 4-nitroso-N,N-
dimetylaniline are dissolved in ethanol. 0.08 mL (0.9 mmol) of perhlori aid is
added and the mixture is heated to 70
◦
C for four hours. The mixture is lter hot
and the produt rystallizes at room temperature over night. 12a (see gure 4.13)
is yielded as dark-blue rystals (0.174 g, 49 %); Rf (silia gel 60; butanol/aeti
aid/water: 60/20/20): 0.48; mp : 179
◦
C-180
◦
C;
1
H-NMR (aetone-d6): δ = 7.78
(d, 1 H,
3
J(H,H) = 9.60 Hz), 7.31 (dd, 1 H,
3
J(H,H) = 2.44 Hz, 9.60 Hz), 6.88 (d,
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1 H,
3
J(H,H)=2.44 Hz), 6.85 (d, 1 H,
3
J(H,H) = 2.74 Hz), 6.81 (d, 1 H,
3
J(H,H) =
2.44 Hz), 4.34 (t, 2 H,
3
J(H,H) = 6.31 Hz), 4.01 (q, 2 H,
3
J(H,H) = 7.13 Hz), 4.0
(m, 4 H), 3.43 (s, 6 H), 2.35 (t, 3 H,
3
J(H,H) = 7.41 Hz), 2.0-1.9 (m, 2 H), 1.83
(m, 6 H), 1.77-1.6 (m, 2 H), 1.64-1.52 (m, 2 H), 1.25 (t, 3 H,
3
J(H,H) = 7.13 Hz),
13
C-NMR (CDCl3): δ = 173.60, 160.59, 158.74, 158.43, 158.07, 150.43, 149.33,
134.76, 131.82, 116.43, 97.11, 96.88, 92.98, 60.52, 50.98, 44.66, 41.48, 34.55, 29.18,
27.48, 26.29, 25.36, 24.74, 14.62; IR (ATR): ν = 2947 m−1, 2863 m−1, 1726
m
−1
, 1651 m
−1
, 1592 m
−1
, 1485 m
−1
, 1405 m
−1
, 1343 m
−1
; PI
·
-LSI
·
-MS:
[M
+
℄ (alulated): 466.2706 Da; [M
+
℄ (found): 466.2694 Da.
[9-(5-Ethoxyarbonylpentyloxy)-7-piperidin-1-yl-phenoxazin-3-ylidene℄
-diethyl-ammonium perhlorate (12b)
HO
O
N
O
O
5
Et2N
NO
HClO4
Et2N
N
O N
O
O
O
5
 11
 12b
Mol. Wt.: 178,23Mol. Wt.: 335,44
EtOH
70°C
4 h
Mol. Wt.: 594,10
ClO4 Et2N
NH2
2 23
Figure 4.14: Preparation of ompound 12b
0.2 g (0.6 mmol) of ompound 11 and 0.16 g (0.9 mmol) of 4-nitroso-N,N-
dietylaniline are dissolved in ethanol. 0.08 mL (0.9 mmol) of perhlori aid is
added and the mixture is heated to 70
◦
C for four hours. Afterwards the mixture
is lter hot and the produt rystallizes at room temperature over night. 12b
(see gure 4.13) is yielded as dark-blue rystals (0.140 g, 41 %); Rf (silia gel 60;
butanol/aeti aid/water: 60/20/20): 0.65;
1
H-NMR (CDCl3): δ = 7.75 (d, 1 H),
7.0 (dd, 1 H), 6.67 (d, 1 H), 6.64 (d, 1 H), 6.55 (d, 1 H), 4.26 (t, 2 H), 4.1 (q, 2 H),
3.84 (m, 4 H), 3.64 (q, 4 H), 2.35 (t, 3 H), 2.05-1.5 (m, 12 H), 1.34 (t, 6 H), 1.24
(t, 3 H);
13
C-NMR (CDCl3): δ = 172.68, 158.44, 156.49, 154.25, 148.29, 147.76 ,
133.5, 129.97 (1C), 128.96, 113.97, 95.16, 94.95, 91.43, 69.24, 59.27, 49.41, 45.46,
33.16, 27.28, 25.58, 24.44, 23.64, 22.93, 13.26 , 11.78; PI
·
-LSI
·
: [M
+
℄ (alulated):
494.3019 Da; [M
+
℄ (found): 494.3011 Da; IR (ATR): ν = 3024 m−1, 2941 m−1,
1724 m
−1
, 1622 m
−1
, 1513 m
−1
, 1453 m
−1
, 1406 m
−1
, 1260 m
−1
.
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Figure 4.15: Preparation of ompound 13a
[9-(5-Carboxypentyloxy)-7-piperidin-1-yl-phenoxazin-3-ylidene℄
-dimethyl-ammonium perhlorate (13a)
Compound 12a (0.14 g; 0.25 mmol) is dissolved in 10 mL of aetone and diluted
with 20 mL of water. Perhlori aid is added in atalyti quantities and the
reation mixture is heated to 60
◦
C for 18 h in order to hydrolyze the ester (see
gure 4.15). After ooling to room temperature, the free aid 13a is extrated three
times with DCM. The ombined organi layers are dried over Na2SO4. After the
solvent is evaporated, the produt is obtained as a dark blue solid. The purity is
heked by TLC. Yield: 0.12 g (90 %); Rf (silia gel 60; butanol/aeti aid/water:
60/20/20): 0.85;
1
H-NMR (methanol-d4): δ = 7.79 (d, 1 H,
3
J(H,H) = 9.60 Hz),
7.23 (dd, 1 H,
3
J(H,H) = 2.61 Hz, 9.60 Hz), 6.83 (d, 1 H,
3
J(H,H) = 2.47 Hz),
6.81 (d, 1 H,
3
J(H,H) = 2.61 Hz), 6.69 (d, 1 H,
3
J(H,H) = 2.33 Hz), 4.27 (t, 2 H,
3
J(H,H) = 6.45 Hz), 3.9 (m, 4 H), 3.34 (s, 6 H), 2.36 (t, 2 H,
3
J(H,H) = 3.57 Hz),
2.05-1.94 (m, 2 H), 1.87-1.78 (m, 6 H), 1.78-1.67 (m, 2 H), 1.66-1.55 (m, 2 H);
LSI
·
-MS: [M
+
℄ (alulated): 438.2393 Da; LSI
·
-MS: [M
+
℄ (found): 438.2383 Da;
IR (ATR): ν = 2918 m−1, 2845 m−1, 1710 m−1, 1654 m−1, 1595 m−1.
[9-(5-Carboxypentyloxy)-7-piperidin-1-yl-phenoxazin-3-ylidene℄
-diethyl-ammonium perhlorate (13b)
0.14 g (0.23 mmol) of 12b is dissolved in 10 mL of aetone and diluted with
20 mL of water. Perhlori aid is added in atalyti quantities and the reation
mixture is heated to 60
◦
C for 18 hours (see gure 4.16). After ooling to room
temperature the deproteted dye 13b is extrated three times with DCM. The
ombined organi layers are dried over Na2SO4. After the solvent is evaporated
the purity of the produt is heked by TLC. Yield: 0.11 g (82 %); Rf (silia gel
60; butanol/aeti aid/water: 60/20/20): 0.61;
1
H-NMR (methanol-d4): δ = 7.75
(d, 1 H), 7.21 (dd, 1 H), 6.81-6.6 (m, 3 H), 4.23 (t, 2 H), 3.91-3.83 (m, 4 H), 3.7
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Figure 4.16: Preparation of ompound 13b
(q, 4 H), 2.25 (t, 2 H), 2.1-1.9 (m, 2 H), 1.89-1.76 (m, 6 H), 1.76-1.48 (m, 4 H),
1.32 (t, 6 H); LSI
·
-MS: [M
+
℄ (alulated): 466.2706, [M
+
℄ (found): 466.2701; IR
(ATR): ν = 2921 m−1, 2854 m−1, 1651 m−1, 1595 m−1, 1564 m−1.
Common method for preparation of NHS-esters 14a and 14b
R2N
N
O N
O
OH
O
5
R2N
N
O N
O
O
O
5 N
O
O
NHS
DCC
NEt3
 13a R = Me, Mol. Wt.: 537,99
 13b R = Et, Mol. Wt.: 566,04
r.t.
18°C
DMSO
 14a R = Me, Mol. Wt.: 635,06
 14b R = Et, Mol. Wt.: 663,12
ClO4 ClO4
Figure 4.17: Preparation of the NHS-esters 14a and 14b
The arboxy groups of the blue oxazines 14a and 14b respetively are
made amino-reative (to beome "labels") by onverting them into esters of N-
hydroxysuinimide that readily reat with amines, preferably at pH values above
8 (see gure 4.17). The respetive free aid (1 mg of either 13a or 13b), NHS
(molar ratio: free aid/NHS is 1/2), and DCC (molar ratio: free aid/DCC is
1/2) are dissolved in 100 µL of dry DMSO. Triethylamine is added as a base in
slight exess, and the mixture is stirred for 18 h at room temperature. Thin layer
hromatography (TLC) is applied to monitor the formation of the NHS-ester and
the obtained solution is used without further puriation for labeling experiments.
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4.2.11 Labeling experiments with label 14a
Labeling of amino aids
1 mg of L-glyine, L-serine, L-leuine, L-asparti aid and L-glutami aid are
dissolved in 1 mL of biarbonate buer (50 mM, pH 8.3) eah and ooled to 4
◦
C.
5 µL of label 14a ( = 0.054 M) is added to eah 45 µL of analyte solution and
stirred over night at room temperature. The reation progress is monitored by thin
layer hromatography (silia gel 60, butanol/aeti aid/water: 60/20/20).
Labeling of BSA
5 mg of bovine serum albumin is dissolved in 1 mL of a 50 mM biarbonate buer
of pH 8.4. Then, 5 µL of the label ((14a) = 0.054 M) is added. The mixture is
stirred for 12 - 15 h at r.t. [148℄. The labeled protein is puried by size exlusion
hromatography. The MALDI-TOF mass spetrum (using sinapi aid as the ma-
trix) of the labeled BSA shows a broad peak between 66,400 Da and 71,400 Da,
with a maximum at 68,000 Da.
4.2.12 Label 14a-analyte onjugate in separation experi-
ments
Separation of labeled amino aids by TLC
The separation of the tagged amino aids from the unreated label 14a as well as
from the hydrolyzed NHS-ester (free aid 13a) is arried out using silia gel 60
as stationary phase and a butanol/aeti aid/water (60/20/20, v/v) mixture as
eluent.
Separation of labeled BSA by SEC
The puriation of the labeled protein is performed by size exlusion hromatog-
raphy using Sepadex G-25 as stationary phase and phosphate buer solution (pH
7.2, 50 mM) as eluent. The extrat of the dye-protein onjugate is at deep blue
olor and leaves the olumn rst (see gure 2.31).
4.2.13 Synthesis of labels 16
7-Dimethylamino-1-hydroxy-phenoxazin-3-one (15)
The synthesis of phenoxazinone 15 whih is shown in gure 4.18 is arried out
aording to Kotouek et al. [91℄.
CHAPTER 4. EXPERIMENTAL PART 80
O
OH
O
N
Me2NHO OH
OH
Me2N
NO
15
Mol. Wt.: 126,11 Mol. Wt.: 150,18 Mol. Wt.: 292,72
HCl
EtOH
3 2 2
Me2N
NH2
2 h
70°C HCl
Figure 4.18: Preparation of ompound 15
7-Dimethylamino-1-prop-2-ynyloxy-phenoxazin-3-one (16)
O
O
O
N
Me2NO
OH
O
N
Me2N
Br
 15
 16
Mol. Wt.: 292,72 Mol. Wt.: 118,96 Mol. Wt.: 294,30
HCl
K2CO3
acetone
reflux
24 h
Figure 4.19: Preparation of ompound 16
147 mg (0.5 mmol) of 7-dimethylamino-1-hydroxy-phenoxazone is reuxed with
(82 mg, 0.55 mmol) of propargyl bromide and 207 mg of K2CO3 in aetone for
24 h. After ooling, the reation is ltered, onentrated on a rotavapor, and
then puried by ash hromatography (see gure 4.19). Yield: 76.5 mg (52%);
m.p.>300
◦
C.
1
H NMR (CDCl3): δ = 7.70 (d,
3
J(H,H) = 7.5, 1H), 6.71 (m, 1H),
6.44 (s, 1H), 6.44 (s, 1H), 6.26 (s, 1H), 6.15 (s, 1H). PI-EI [M
·+
℄ (alulated):
294.1004; (found): 294.1002.
4.2.14 Labeling experiments with label 16
Labeling of azido sugar
The tagging experiment shown in gure 4.20 is performed by Kele et al. [41℄.
Therefore, 1 eq. of label 16 and 1.1 eq. of the azido sugar are stirred in aetoni-
trile/water (1/1, v/v). CuI (10 %) is added as atalyst and triethylamine (20 %) is
used as base. The reation is arried out for 16 hours at room temperature. Yield
45 %;
1
H NMR (DMSO-d6) δ = 8.62 (1H, s), 7.57 (1H, d,
3
J(H,H) = 8.8 Hz), 6.78
(1H, d,
3
J(H,H) = 8.8 Hz), 6.58 (1H, s), 6.41 (1H, d,
3
J(H,H) = 9.3 Hz), 6.19 (1H,
s), 5.92 (1H, s), 5.71 (1H, t,
3
J(H,H) = 9.3 Hz), 5.56 (1H, t,
3
J(H,H) = 9.3 Hz),
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5.19 (1H, t,
3
J(H,H) = 9.9 Hz); 5.23 (2H, s), , 4.38 (1H, m), 4.38 (1H, m), 3.09
(6H,s), 2.02 (3H, s), 2.00 (3H, s), 1.96 (3H, s), 1.79 (3H, s);
13
C NMR (HMQC)
δ = 131.0, 123.9, 110.2, 106.7, 101.7, 95.6, 83.3, 71.7, 69.5, 67.0, 61.2, 61.1, 39.5,
20.0, 19.9, 19.7, 19.4; HR-MS (ESI):[MH
+
℄ (alulated): 668.2204, [MH
+
℄ (found):
668.2197.
O
O
O
N
N O
O
O
N
N
N N
N
O
AcO OAc
OAc
AcON3
O
OAc
AcO
AcO
OAc
+
Mol. Wt.: 294,30
 16
Mol. Wt.: 373,32
CuI
NEt3
CH3CN/H2O
r.t.
16 h
Mol. Wt.: 667,62
Figure 4.20: Clik reation of ompound 16 with an azido sugar as a building
blok
4.2.15 Synthesis of labels 18
3-Piperidin-1-yl-5-prop-2-ynyloxy-phenol (17)
HO
O
NHO
OH
N
Br
 10                                                                     
                      17
Mol. Wt.: 193,24 Mol. Wt.: 118,96 Mol. Wt.: 231,29
K2CO3
THF
reflux
2 d
Figure 4.21: Preparation of ompound 17
0.5 g (2.6 mmol ) of 5-(piperidin-1-yl)benzene-1,3-diol 10 (synthesis desribed
in 4.2.10) and propargyl bromide (0.23 mL, 2.6 mmol) is reuxed in THF for 2
days. 360 mg of K2CO3 is used as base. After ooling, the reation mixture is
ltered hot, onentrated, and puried by olumn hromotography (silia gel 60,
diethyl ether/petroleum ether: 60/40, v/v) to get a olorless oil (see gure 4.21).
Yield: 0.21 g (35 %). Rf = 0.51,
1
H-NMR (DMSO-d6): δ = 6.01 (1H, t,
3
J(H,H)
= 1.9 Hz), 5.96 (1H, t,
3
J(H,H) = 1.9 Hz), 5.83 (1H, t,
3
J(H,H) = 1.9 Hz), 5.23
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(1H, t,
3
J(H,H) = 1.1 Hz), 4.53 (2H, d,
3
J(H,H) = 2.5 Hz), 3.12-3.04 (4H, m), 2.50
(1H, t,
3
J(H,H) = 2.5 Hz), 1.80-1.62 (6H, m).
Dimethyl(7-piperidin-1-yl-9-prop-2-ynyloxy-phenoxazin-3-ylidene)-am-
monium perhlorat (18)
HO
O
N
Me2N
NO
O
O
N
N
Me2N
ClO4
 18
HClO4
Me2N
NH2
2 3 2
EtOH
70°C
2 h
 17
Mol. Wt.: 231,29 Mol. Wt.: 150,18 Mol. Wt.: 461,89
Figure 4.22: Preparation of ompound 18
Compound 17 (0.2 g, 0.86 mmol) is reated with p-nitroso-N,N-dimethylaniline
(0.19 g, 1.3 mmol) and 0.14 mL (1.3 mmol) of perhlori aid. The reation is
performed in ethanol at 70
◦
C for 2 hours. The rude produt is rerystallized in
ethanol to yield dark blue rystals. Yield: 0.12 g (30 %);
1
H-NMR (aetone-d6):
δ = 7.79 (1H, d, 3J(H,H) = 9.6 Hz), 7.35 (1H, dd, 3J(H,H) = 2.7Hz, 9.6Hz), 6.89
(1H, d,
3
J(H,H) = 2.5Hz), 6.84 (1H, d,
3
J(H,H) = 2.7 Hz), 5.19 (2H, d,
3
J(H,H) =
2.5 Hz), 3.46 (6H, s); 3.97.4.05 (4H, m), 3.35 (1H, t,
3
J(H,H) = 2.5Hz), 1.78.1-87
(6H, m); 3.35 (1H, t,
3
J(H,H) = 2.5Hz); IR (ATR): ν = 3266 m−1, 2921 m−1,
2859 m
−1
, 1651 m
−1
, 1540 m
−1
, 1487 m
−1
, 1487 m
−1
. HR-MS (PI-EI): [M
+
℄
(alulated): 362.1863, [M
+
℄ (found): 362.1877.
4.2.16 Labeling experiments with label 18
Labeling of azido sugar
The tagging experiment shown in gure 4.23 is also performed by Kele et al. [41℄.
1 eq. of label 18 and 1.1 eq. of the azido sugar are stirred in aetonitrile/water
(1/1, v/v). CuI (10 %) is added as a atalyst and triethylamine (20 %) is used as
base. The reation is arried out for 16 hours at room temperature. Yield: 53 %;
1
H-NMR (DMSO-d6): δ = 7.74 (1H, d,
3
J(H,H) 8.8 Hz); 8.67 (1H, s), 7.19 (1H, d,
3
J(H,H) = 8.2 Hz), 6.88 (1H, s), 6.74 (1H, s), 6.41 (1H, d,
3
J(H,H) = 8.8 Hz), 5.68
(1H, t,
3
J(H,H) = 9.3 Hz), 5.57 (1H, t,
3
J(H,H) = 9.3 Hz), 5.49 (2H, s), 5.19 (1H,
t,
3
J(H,H) = 9.3 Hz), 4.39 (1H, m), 4.11 (2H, m), 3.91 (4H, s), 3.28 (6H, s), 2.02
(3H, s), 2.00 (3H, s), 1.96 (3H, s), 1.78 (3H, s), 1.73 (6H, s);
13
C NMR (HMQC) δ
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Figure 4.23: Clik reation of ompound 18 with an azido sugar as a building
blok
= 132.9, 123.9, 115.1, 96.5, 95.3, 91.6, 83.3, 72.7, 71.4, 69.5, 66.9, 61.6, 61.1, 49.1,
40.3, 25.8, 23.0, 19.8, 19.7, 19.6, 19.2; HR-MS (ESI): [M
+
℄ (alulated): 735.2984,
[M
+
℄ (found): 735.2981.
4.2.17 Synthesis of probe 21
2-[2-(4-Methoxy-phenylamino)-ethyl℄-isoindole-1,3-dione (19)
O
NH
N
O
O
O
NH2
N
O
O
Br
Mol. Wt.: 123,15 Mol. Wt.: 254,08 Mol. Wt.: 296,32
 19
K2CO3
DMF
90°C
20 h
Figure 4.24: Preparation of ompound 19
2 g (0,016 mol) of p-anisidine, 4.13 g (0,016 mol) of N-(2-bromoethyl)phthal-
imide and 2.24 g (0,016 mol) of K2CO3 in 12 mL of DMF are heated at 90
◦
C
for 20 hours. The reation mixture is poured into 300 mL of ie water. After two
hours, the brown-white preipitate is ltered o, washed with old water and dried
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over CaCl2 in vaum. The rude produt is rerystallized from ethanol to yield
o-white rystalls. Yield 3.3 g (71 %); m.p.: 103-104
◦
C;
1
H-NMR (CDCl3): δ =
7.83-7.62 (m, 4H), 6.72 (d, 2H), 6.58 (d, 2H), 3.93 (t, 2H,
3
J = 6.17 Hz), 3.68 (s, 3H,
3
J = 6.17 Hz), 3,38 (t, 2H);
13
C-NMR (CDCl3): δ = 168.65, 152.28, 141.37, 134.04,
132.02, 123.33, 114.9, 114.08, 55.8, 43.8, 37.62; elementary analysis (alaulated):
C 68.91 %, H 5.44 %, N 9.45 % (found): C 68.92 %, H 5.46 %, N 9.25 %.
N-(4-Methoxy-phenyl)-ethane-1,2-diamine (20)
O
NH
N
O
O
O
NH
H2N
H2N-NH2    H2O
EtOH
4 h
reflux
Mol. Wt.: 296,32 Mol. Wt.: 166,22
 19                                                                     
20
Figure 4.25: Preparation of ompound 20
Compound 19 (2 g, 0.0067 mol) is dissolved in 40 mL of boiling ethanol. 0.33
mL (0.0067 mol) of hydrazine monohydrate is added in one portion to the brown
solution. The mixture is reuxed for 4 hours whereas a white solid preipitates.
The mixture is ooled to room temperature and 10 mL of onentrated HCl (37 %)
is added. After one hour the preipitate is ltered o. The ltrate is onentrated
and the pH is adjusted to pH > 10 by aqueous NaOH. The solution is extrated
ve times with Et2O. The ombined extrats are dried over Na2SO4. After the
solvent is removed, the produt remains as a brown oil whih rystallized in the
refrigerator over night. It an be used without further puriations. Yield: 0.5 g
(44 %);
1
H-NMR (CDCl3): δ = 6.55-6.8 (m, 4H), 3.75 (s, 3H), 3.15 (t, 2H,
3
J
= 5.76 Hz), 2,95 (t, 2H,
3
J = 5.76 Hz);
13
C-NMR (CDCl3): δ = 152.18, 142.67,
114.93, 114.32, 55.84, 47.58, 41.31; HR-MS (EI
·
-MS): [M
+·
℄ (alulated): 166.1106,
[M
+·
℄ (found): 166.1102.
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Synthesis of 4-N-(4-methoxyphenyl) ethylene diamine-N-aproi-aid-
1,8-naphthalimide (21)
0.33 g (0.001 mol) of 3 (preparation see 4.2.4) and 0.32 g (0.002 mol) of 20 are
dissolved in DMSO. 0.32 mL (0.002 mol) diisopropylethylamine is added as base.
The mixture is stirred at 90
◦
C for 18 h and is then poured into 50 mL of ie water.
The preipitate is entrifuged and the tawny oil is olleted. The oil is dissolved
in DCM, washed two times with water and dried over Na2SO4. The solvent is
evaporated to obtain another tawny oil whih is puried by rerystallization in
dihloromethane/diethylether yielding an oker solid. Yield: 0.27 g (60 %); m.p.:
129-130
◦
C;
1
H-NMR (aetone-d6): δ = 8.6-8.25 (3xd, 3H), 7.6 (m, 1H), 6.82 (d,
1H), 6.76 (d, 2H,
3
J = 9.0565 Hz), 6.69 (d, 2H,
3
J = 9.0565 Hz,), 4.08 (t, 2H),
3.74-3.45 (1xs, 3H; 1xm, 4 H), 2.31 (t, 2H), 1.78-1.35 (m, 6H);
13
C-NMR (aetone-
d6): δ = 174.67, 164.85, 164.15, 152.85, 151.21, 143.68, 134.88, 131.38, 130.66,
128.43, 125.16, 123.63, 121.43, 115.6, 114.69, 110.26, 104.75, 55.86, 43.572,43.64,
40.17, 34.11, 28.66, 27.36, 25.44; IR (ATR): ν = 3377 m−1, 3140 m−1, 2935 m−1,
2854 m
−1
, 1704 m
−1
, 1673 m
−1
, 1638 m
−1
, 1548 m
−1
, 1518 m
−1
, 1478 m
−1
,
1428 m
−1
, 1389 m
−1
, 1353 m
−1
, 1313 m
−1
, 1228 m
−1
, 1176 m
−1
, 1123 m
−1
,
856 m
−1
, 814 m
−1
776 m
−1
, 670 m
−1
; HR-MS (EI
·
-MS): [M
+·
℄ (alulated):
475.2107, [M
+·
℄ (found): 475.2106.
NO O
Cl
OH
O
O
NH
H2N
+
NO O
O
NH
HN
Huenig base
DMSO
90°C
18 h
Mol. Wt.: 345,78
5
Mol. Wt.: 166,22 Mol. Wt.: 475,54
OH
O
5
           3                               20                           
       21
Figure 4.26: Preparation of ompound 21
CHAPTER 4. EXPERIMENTAL PART 86
4.2.18 Covalent attahment of probe 21 to ellulose
Ativation of probe 21 as NHS-ester
NO O
O
NH
HN
Mol. Wt.: 475,54
OH
O
5
NO O
O
NH
HN
O
O
5
N
O
O
DCC
NHS
r.t.
18 h
DMSO
O
O
5
N
O
O
Probe 21
Mol. Wt.: 572,61
 21                            21-NHS
Figure 4.27: Ativation of ompound 21 to its NHS-ester
4 mg (8.4 µmol) of 21, 2.6 mg (12.7 µmol) of DCC and 1.5 mg (12.7 µmol)
of NHS are dissolved in 300 µL of dry DMSO. The reation is arried out for 18
hours at room temperature and this solution is used without further puriation
for labeling experiments (see gure 4.27).
Labeling of O-(2-aminoethyl)-ellulose with probe 21-NHS
250 mg of O-(2-aminoethyl)-ellulose (0.3 eq. -NH2/g) from Optosens (www.opto-
sens.de) is suspended in biarbonate buer (50 mM, pH 8.3) in order to deproto-
nate the primary amino groups. The polymer is olleted by entrifugation (12000
rpm, 10 min.), the buer solution is deanted and the polymer is suspended again
in 1 mL of ethanol. 300 µL of the ativated probe is added and the labeling is
performed for 18 hours at room temperature (see gure 4.28). The labeled ellu-
lose is again olleted by entrifugation (12000 rpm, 10 min.) and washed with
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Figure 4.28: Labeling of O-(2-aminoethyl)-ellulose with ompound 21-NHS
ethanol (5-8 times) whereas a yellow olored polymer is retained. In parallel a
blank sample is prepared by ombining 250 mg of O-(2-aminoethyl)-ellulose with
the non-ativated probe 21 (4 mg/300µL) solved in DMSO. After the entrifuga-
tion/washing steps the blank sample exhibits almost no olor whereas the amino-
labeled partiles are strongly olored.
4.2.19 Synthesis of probe 26
6-(6-Chloro-1,3-dioxo-1H,3H-benzo[de℄-isoquinolin-2-yl)-hexanoi
aid ethyl ester (22)
2 g (0.0056 mol) of 3 is suspended in 150 mL of ethanol. 2 mL of H2SO4 is added
as atalyst. The reation mixture is reuxed for 24 hours whereas the solution
laries. The solvent is redued to 10 mL and 50 mL of ethyl aetate is added.
The mixture is washed two times with water and one time with brine. The organi
layer is dried over Na2SO4. After the solvent is evaporated a yellow oil is retained
whih solidies over night in the refrigerator. The rude produt is puried by re-
rystallization in methanol. Produt 22 (yellow rystals) is ltered o and washed
with ie old methanol (see gure 4.29). Yield: 1.8 g (85 %). m.p.: 73.5-74.5
◦
C;
1
H-NMR (DMSO-d6): δ = 8.53 (d, 1 H), 8.505 (d, 1 H), 8.35 (d, 1 H), 8.0- 7.95
(m, 2 H), 4.0 (m, 4 H); 2.29 (t, 2 H), 1.7 - 1.5 (m, 4 H), 1.4 - 1.25 (m, 2 H), 1.14
(t, 3 H);
13
C-NMR (DMSO-d6): δ = 172.7, 162.79, 162.52, 137.29, 131.42, 131.16,
130.71, 129.85, 128.45, 128.26, 127.54, 122.55, 121.27, 59.54, 39.46, 33.2, 26.97,
25.75, 24.06, 13.98.
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NO O
Cl
NO O
Cl
OH
O
H
EtOH
24 h
reflux
Mol. Wt.: 345,78
 3                                                             22
5
Mol. Wt.: 373,83
O
O
5
Figure 4.29: Preparation of ompound 22
6-[6-(2-Hydroxy-ethylamino)-1,3-dioxo-1H,3H-benzo[de℄-isoquinolin
-2-yl℄-hexanoi aid-ethyl ester (23)
NH2
OH
NO O
NH
HO
NO O
Cl
Mol. Wt.: 373,83
O
O
5
Mol. Wt.: 398,45Mol. Wt.: 61,08
O
O
5
 22                                                                     
      23
NEt3
DMSO
90°C
18 h
Figure 4.30: Preparation of ompound 23
0.9 g (2.4 mmol) of 22 is dissolved in 20 mL of DMSO. 0.3 mL (4.8 mmol)
of monoethanolamine and 0.7 mL (4.8 mmol) of triethylamine are added. The
slightly yellow solution darkens at one and the reation is arried out for 18 hours
at 90
◦
C. The reation mixture is poured into 150 mL of water and allowed to stand
for three hours until the rude produt preipitates. The rude produt is ltered
o and rerystallized in ethyl aetate. Produt 23 (yellow rystals) is ltered o
and washed with ie old ethyl aetate (see gure 4.30). Yield: 0.5 g (52 %); m.p.:
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115
◦
C;
1
H-NMR (CDCl3): δ = 8.42 (dd, 1 H,
3
J = 1.03 Hz, 7.34 Hz), 8.315 (d, 1
H,
3
J = 8.37 Hz), 8.05 (dd, 1 H,
3
J = 1.03 Hz, 8.37 Hz), 7.5 (m, 2 H), 6.63 (d, 1
H,
3
J = 8.51 Hz); 5.8 (s broad, 1 H), 4.09 (m, 6 H), 3.55 (t, 2 H,
3
J = 5.2 Hz),
2.69 (s, 1 H), 2.31 (t, 2 H,
3
J = 7.4 Hz), 1.82 - 1.6 (m, 4 H), 1.51 - 1.38 (m, 2 H),
1.23 (t, 3H,
3
J = 7.13 Hz);
13
C-NMR (CDCl3): δ = 173.92, 164.53, 164.12, 149.49,
134.28, 131.10, 129.53, 126.01, 124.68, 122.74, 120.27, 110.29, 104.41, 60.43, 60.29,
45.45, 39.96, 34.27, 27.82, 26.67, 24.71, 14.24; ; elementary analysis (alaulated):
C 66.32 %, H 6.58 %, N 7.03 % (found): C 66.33 %, H 6.48 %, N 6.96 %.
6-[6-(2-Chloroethylamino)-1,3-dioxo-1H,3H-benzo[de℄isoquinolin-
2-yl℄-hexanoi aid ethyl ester (24)
+
NO O
NH
Cl
P
CCl4
NO O
NH
HO
Mol. Wt.: 398,45
O
O
5
Mol. Wt.: 262,29
+
Mol. Wt.: 153,82 Mol. Wt.: 416,90
O
O
5
 23                                                                     
                                  24
CH3CN
1h : r.t.
3h : reflux
Figure 4.31: Preparation of ompound 24
0.6 g (1.5 mmol) of 23 and 0.55 g (2.1 mmol) of triphenylphosphine are sus-
pended in 25 mL of dry aetonitrile. 0.38 mL (3.9 mmol) of CCl4 is added. The
reation mixture is rst stirred 1 hour at room temperature and then reuxed for
3 hours. The magneti stirrer is removed and the produed rystallized over night
at room temperature. Alternatively, the solution an be kept in the refrigerator
over night. The produt (yellow tinsel) is ltered o and washed with ie old ae-
tonitrile (see gure 4.31). Yield: 0.3 g (50 %); m.p.: 152
◦
C;
1
H-NMR (CDCl3): δ
= 8.58 (dd, 1 H,
3
J = 1.03 Hz, 7.34 Hz), 8.45 (d, 1 H,
3
J = 8.37 Hz), 8.12 (dd, 1H,
3
J = 1.03 Hz, 8.51 Hz), 7.65 (m, 1 H), 6.73 (d, 1 H,
3
J = 8.37 Hz), 5.64 (t, 1 H,
3
J
= 5.42 Hz); 4.18 - 4.06 (m, 4 H), 3.91 (t, 2 H,
3
J = 5.28 Hz), 3.8 (q, 2H,
3
J = 5.28
Hz), 2.31 (t, 2 H,
3
J = 7.34 Hz), 1.8 - 1.64 (m, 4 H), 1.51 - 1.39 (m, 2 H), 1.23 (t,
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3 H,
3
J = 7.13 Hz);
13
C-NMR (CDCl3): δ = 173.77, 164.53, 164.02, 148.43, 134.1,
131.29, 129.73, 125.84, 125.18, 122.02, 120.56, 111.59, 104.56, 60.21, 44.82, 42.69,
39.98, 34.29, 27.83, 26.68, 24.75, 14.24; elementary analysis (alaulated): C 63.38
%, H 6.04 %, N 6.72 % (found): C 63.38 %, H 5.90 %, N 6.53 %.
4-Trimethylsilanyloxy-phenylamine (25)
NH2
O
Si
Mol. Wt.: 181,31
NH2
OH
Mol. Wt.: 109,13
Si
N
H
Si
Mol. Wt.: 161,39
 25
I2
DCM
r.t.
1 h
Figure 4.32: Preparation of ompound 25
The synthesis is performed aording to literature [149, 150℄. 1.1 g (10 mmol)
of p-aminophenol and 12 mg (0.1 mmol) of I2 are suspended in 40 mL of DCM.
0.48 mL (8 mmol) of 1,1,1,3,3,3-hexamethyldisilazane in 10 mL of DCM is added
dropwise within 5 minutes. After one hour 3 g Na2S2O3 is added in small portions
and the mixture is stirred for another 30 minutes. The rude produt is ltered over
a small olumn (silia gel 60, CH2Cl2) and washed twie with 40 mL of CH2Cl2.
The produt 25 is retained as a brown oil (see gure 4.32). Yield 0.9 g (49 %); Rf
(silia gel 60; ethyl aetate): 0.69;
1
H-NMR (CDCl3): δ = 6.61 (d, 2 H,
3
J = 8.92
Hz), 6.51 (d, 2 H,
3
J = 8.92 Hz), 3.41 (s, 2H), 0.19 (s, 9 H).
6-{6-[2-(4-Hydroxy-phenylamino)-ethylamino℄-1,3-dioxo-1H,3H-benzo
[de℄-isoquinolin-2-yl}-hexanoi aid ethyl ester (26)
153 mg (0.36 mmol) of 24 and 130 mg (0.72 mmol) of 4-trimethyl-silanyloxy-
phenylamine 25 are solved in ethyl aetat. KI is added in atalyti quantities and
the reation mixture is reuxed for 24 hours. The solvent is evaporated and the
rude produt is puried by oloum hromatography using silia gel 60 as sta-
tionary phase and ethyl aetate as eluent. The proteting group is lost during
the reation/puriation and the phenoli form of the probe is obtained (see g-
ure 4.33). Yield 10 mg (6 %, yellow solid);
1
H-NMR (aetone-d6): δ = 8.57 (d, 1
H), 8.5 (dd, 1 H), 8.36 (d, 1 H), 7.66 (m, 1 H), 7.13 (s, 1 H), 6.9 (d, 1 H), 6.78 (d,
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Figure 4.33: Preparation of ompound 26
2 H), 6.74 (d, 2 H), 4.05 (m, 4 H), 3.72 (q, 2 H), 3.51 (t, 2 H), 2.31 (t, 2 H), 1.75
- 1.6 (m, 4 H), 1.5 -1 .35 (m, 2 H), 1.18 (t, 3 H); ES-MS: m/z (MH
+
, alulated)
= 490.23, (MH
+
, found) = 490.1.
4.2.20 Experimental proedures for H2O2 alibration urve
The proedures were ontrived and performed by Martin Link as well as by Do-
minik Grögel.
Preparation of probe 21 stok solutions
Stok solution of 21a:
The methoxy derivative (1.92 mg, 0.004 mmol) is dissolved in 1 mL DMSO to give
stok solution 1 (stock−1 = 4 mM). 250 µL of stok-1 are diluted with 750 µL
phosphate buer (pH 8, 10 mM) to yield stok-21a (stock−21a = 1 mM).
Stok solution of 21b:
The methoxy derivative (1.92 mg, 0.004 mmol) is dissolved in 1 mL DMSO to give
stok solution 1 (stock−1 = 4 mM). 250 µL of stok-1 are diluted with 1750 µL
phosphate buer (pH 8, 10 mM) to yield stok-21b (stock−21b = 500 µM).
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Preparation of probe 26 stok solutions
The phenol derivative (1.95 mg, 0.004 mmol) is dissolved in 1 mL DMSO to yield
stok solution 2 (stock−2 = 4 mM). 248 µL of stok-2 are diluted with 1752 µL
phosphate buer (pH 7 or 8, 10 mM) to obtain stok-26 (stock−26 = 500 µM).
Preparation of H2O2 stok solutions
1 mL stok solutions of hydrogen peroxide in phosphate buer (pH 7 or 8, 10 mM)
are prepared as follows:
1. (H2O2)st = 1000 mM: 102 µL H2O2 (30%) are diluted with 898 µL phosphate
buer
2. (H2O2)st = 100 mM: 10.2 µL H2O2 (30%) are diluted with 990 µL phosphate
buer
3. (H2O2)st = 10 mM: 10 µL of H2O2 (1) are diluted with 990 µL phosphate
buer
4. (H2O2)st = 1 mM: 10 µL of H2O2 (2) are diluted with 990 µL phosphate
buer
Experimental proedure
All measurements are arried out on the AB 2 uorimeter by the following param-
eters:
• λexc = 450 nm; Bandpasslter 16 nm
• λem = 530 nm; Bandpasslter 16 nm
• temperature = 25
◦
C
• (probe 21a) = 10 µM
• (probe 21b) = 5 µM
• (probe 26) = 5 µM
• total volume: 1000 µL in quarz uvette (v)
First, the probe (21 or 26) is dissolved in phosphate buer (pH 7 or 8, 10 mM)
and an emission spetra is measured onduted as blank sample/baseline (t = 0
min). Afterwards the experiment is started by adding 10 µL of the orresponding
H2O2 solutions 1-7.
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1. (H2O2)cv = 1 mM: 10 µL (stok 21a/b or 26) + 10 µL H2O2 (2) + 980 µL
phosphate buer
2. (H2O2)cv = 500 µM: 10 µL (stok 21a/b or 26) + 5 µL H2O2 (2) + 985
µL phosphate buer
3. (H2O2)cv = 250 µM: 10 µL (stok 21a/b or 26) + 2.5 µL H2O2 (2) + 987
µL phosphate buer
4. (H2O2)cv = 100 µM: 10 µL (stok 21a/b or 26) + 10 µL H2O2 (3) + 985
µL phosphate buer
5. (H2O2)cv = 50 µM: 10 µL (stok 21a/b or 26) + 5 µL H2O2 (3) + 985 µL
phosphate buer
6. (H2O2)cv = 20 µM: 10 µL (stok 21a/b or 26) + 20 µL H2O2 (4) + 970
µL phosphate buer
7. (H2O2)cv = 10 µM: 10 µL (stok 21a/b or 26) + 10 µL H2O2 (4) + 980
µL phosphate buer
Chapter 5
Summary
5.1 Summary in English
The rst part of this thesis desribes the synthesis, the spetrosopi properties
and the appliation of several labels. These labels an be devided into two groups.
On the one hand there are labels (2 and 5) operating in the visible part of the ele-
tromagneti spetrum (VIS-labels). They are based on the 1,8-naphthalimide as
an important and highly photostable yellow daylight uorophore whih bears the
advantages of photoexitation by blue or purple diode lasers. These light soures
have beome very attrative beause of their small size, longevity, and low power
onsumption. The labels are funtionalized with a C-6 linker arrying a arboxy-
group whih is in-situ ativated (via its NHS-ester) to give the amino-reative labels
2 and 5. The ability of the VIS-labels are proven in various tagging experiments
ranging from labeling biologial analytes (amino aids, bovine serum albumin) to
inorgani material (amino-modied silia nanopartiles). Furthermore, the appli-
ation of label 2 and 5 onerning the most ommon separation tehniques e.g.
CE, MCE, SEC, TLC and HPLC are demonstrated in various experiments.
On the other hand there are labels (9, 14a/b, 16 and 18) operating in the
far-visible to near infrared part of the spetrum (NIR-labels). These ompounds
are very attrative due to the redution of interferenes aused by bakground
uoresene and straylight as well as the exitation by small laser diodes as inex-
pensive, stable and easily aordable light soures. Furthermore, radiation of this
wavelength penetrates biologial material easily whih is an advantageous feature
when working with ells and tissues. All NIR-labels presented here are derived
from a purple (omparable to Nile Red) or from a blue (omparable to Nile Blue)
phenoxazine as uorophore. They are funtionalized with either a C-6 linker ar-
rying a arboxy group in order to get an amino-reative label (after ativation as
NHS-ester) or with an alkyne moiety reating a likable uorophore. The broad
94
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appliation of these labels is illustrated both by tagging various important analytes
e.g. peptides, proteins, sugars and silia nanopartiles and by their utilization in
dierent separation tehniques inluding MCE, TLC and SEC.
The seond part of this thesis deals with the preparation and appliation of
two novel probes (21 and 26) for sensing hydrogen peroxide based on the PET-
eet. These probes are derived from the 1,8-napththalimide as highly photo-
and hemostable yellow daylight uorophore in aordane with the VIS-labels
2 and 5. A p-anisidine (probe 21) or a p-aminophenol moiety (probe 26) serves as
reeptor for hydrogen peroxide. The experiments involve the behavior of the probe
in the presene of the analyte (time and intensity dependane of the uoresene
signal) as well as the generation of a alibration urve for hydrogen peroxide. In
the end probe 21 is ovalently attahed to a polymeri support to show its future
appliation in a sensor devie.
5.2 Summary in German
Der erste Teil dieser Dissertation beshäftigt sih mit der Synthese, den spek-
troskopishen Eigenshaften und mit der Anwendung vershiedener uoreszen-
ten Marker. Diese Verbindungen sind wiederum in zwei Gruppen unterteilt. Auf
der einen Seite die Marker 2 und 5, deren Anwendungsbereihe im sihtbaren
Teil des elektromagnetishen Spektrums liegen und welhe vom 1,8-Naphthalimid
als Fluorophor abgeleitet sind (VIS-Marker). Die Vorteile dieses wihtigen Flu-
orophors sind zum einen die hohe Photo- und Chemostabilität und zum an-
deren die Möglihkeit der Anregung mit blauen oder violetten Laserdioden.
Diese Lihtqellen sind kompakt, stabil und kostengünstig. Beide Marker werden
mit einem C-6 Linker, welher eine Carbonsäuregruppe trägt, funktionalisiert.
Diese Säuregruppe kann nun in-situ als NHS-Ester aktiviert werden, wodurh die
aminoreaktiven Marker 2 und 5 erhalten werden. Die praktishe Anwendung dieser
beiden VIS-Marker wird in einer Vielzahl von Experimenten unter Beweis gestellt.
Die Markierungen reihen von biologishen Analyten wie Aminosäuren und Pro-
teinen (BSA) bis hin zu anorganishem Material in Form von aminomodizierten
Siliananopartikeln. Darüber hinaus kommen die Verbindungen 2 und 5 und deren
Konjugate in Trenntehniken wie CE, MCE, SEC, DC und HPLC zum Einsatz,
was ihren groÿen Anwendungsbereih unterstreiht.
Die zweite Gruppe der Marker stellen jene funktionalisierten Verbindungen
dar, deren optishe Eigenshaften im langwellig sihtbaren Bereih bis hin zum
nahen Infrarotbereih des elektromagnetishen Spektrums liegen (NIR-Marker).
Der Vorteil dieser Marker (9, 14a/b, 16 und 18) liegt zum einen in der Ver-
minderung von Interferenzen, welhe durh Hintergrunduoreszenz und Streuliht
bedingt werden, und zum anderen in der Eigenshaft, dass das langwelligere
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Anregungsliht tiefer als kurzwelligere Strahlung in biologishes Material einzu-
dringen vermag. Dies ist vor allem bei der Arbeit mit Gewebe und Zellen von
groÿer Bedeutung. Letzten Endes können auh diese Fluorophore von Laserdio-
den mit den oben beshriebenen Vorteilen angeregt werden. Alle NIR-Marker
basieren entweder auf einem violetten Phenoxazin (vergleihbar mit Nilrot) oder
einem blauen Phenoxazin (vergleihbar mit Nilblau). Diese Fluorophore werden
entweder mit einem C-6 Linker, welher eine Carbonsäuregruppe trägt, funktion-
alisiert oder sie besitzen eine Alkingruppe. Somit erhält man einen klassishen
aminoreaktiven Marker aber auh Verbindungen, welhe mit Azidgruppen soge-
nannte "Clikreaktionen" beshreiben können. Der breite Anwendungsbereih wird
durh vershiedenste Markierungsexperimente mit Aminosäuren, Peptiden, Pro-
teinen, Zukern und Partikeln (µm bis nm) veranshauliht. Auh kommen hier in
Analogie zu den VIS-Markern vershiedene Trenntehniken wie MCE, TLC und
SEC erfolgreih zum Einsatz.
Der zweite Teil der Promotionsarbeit beshreibt die Synthese und die Anwen-
dung zweier Sonden (21 und 26) welhe auf dem Photoelektronentransfer (PET-
Eekt) zur Detektion von Wasserstoperoxid basieren. Wie shon die VIS-Marker
2 und 5 leiten sih diese Sonden vom 1,8-Naphthalimid als wihtigem photo- und
hemostabilen Fluorophor ab. Als Rezeptor für Wasserstoperoxid wird zum einen
ein p-Anisidinrest (21) und zum anderen ein p-Aminophenolrest (26) verwendet.
Die durhgeführten Experimente umfassen sowohl das Verhalten des Fluoreszenz-
signals in Bezug auf den Anstieg der Intensität und dessen zeitlihe Entwiklung bei
der Reaktion mit dem Analyten als auh die Aufstellung einer Kalibrationskurve
für untershiedlihe Wasserstoperoxidkonzentrationen. Zum Shluss erfolgt noh
die kovalente Anbindung der Sonde 21 an einen polymeren Träger mit Hinblik
auf die möglihe Entwiklung eines Sensors.
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